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20.  \ Abstract 

Select  chemicals  of  interest  to  the  Air  Force  and  identified  as  man  made 
environmental  contaminants  have  been  found  to  neoplastically  transform  human 
cells  in  vitro.  Benzo(a)pyrene  one  of  these  compounds  of  interest,  exhibits 
unique  features  of  movement  from  the  extracellular  environment  to  the  nucleus  of 
the  cell.  B[a]P  is  transported  into  human  foreskin  fibroblasts  from  the  plasma 
membrane  to  the  nucleus  by  binding  as  the  unmetabolized  parent  B(a)P.  B[a]P 
forms  a  low  binding  association  with  a  lipoprotein  complex  in  the  cytoplasm  that 
has  a  MW  of  12,500.  The  B[a]P  following  penetration  into  the  nucleus  is  then 
oxygenated  to  various  metabolites.  Benzo  pyrene-diol-epoxide-I  has  been 
identified  as  a  metabolite  in  the  nucleus  that  interacts  with  deoxy-Guanine  to 
form  a  ONA  adduct,  7R-BPDE-I-dG. 

We  then  used  another  hydrocarbon  1 ,2,3, 4-tetrahydro-7, 12-dimethyl  benz(a) 
anthracene  to  induced  carcinogenesis  in  human  cells.  To  date  we  have  no  evidence 
for  extracellular  or  intracellular  metabolism  of  this  compound  under  conditions 
for  transformation.  We  conclude  tentatively  that  this  data  suggests  that  there 
is  an  alternate  requirement  for  polynuclear  hydrocarbon  induced  carcinogenesis 
in  human  cells  compared  to  rodent  cells. 
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i)  Work  Scope  1980-1981 

a)  To  investigate  how  UDMH,  HZ  and/or  BP  are  transported  to  the  cell  nucleus 

b)  To  investigate  changes  in  DMA  directed  DNA  polymerase  I  and  n  activity 
following  treatment  with  UDMH,  HZ  and/or  BP 

c)  To  examine  changes  in  histone  labeling  patterns  during  the  early  and  late 
stages  of  the  carcinogenic  process  following  exposure  to  UDMH  or  BP 

d)  To  investigate  the  interaction  of  HZ  and  BP  metabolites  with  DNA  during  the 

induction  process  and  correlate  this  with  the  metabolic  profiles  in  the  activation 

stage 

e)  To  develop  a  predictable  and  reliable  procedure  using  human  cells  in  vitro  to 
evaluate  the  carcinogenic  potential  of  chemicals  of  interest  to  the  air  force 


ii)  Progress  1980-1981 

We  found  that  BP  was  transported  to  the  nucleus  as  the  parent  BP  via  a 
cytoplasmic  protein  complex.  This  cytoplasmic  complex  had  a  molecular  weight  of 
12,500  MW,  Tejwani  et  al.  1980.  Analysis  of  the  intracellular  distribution  and  binding  of 
benzo(a)pyrene  in  human  diploid  fibroblasts,  was  expected  in  Cancer  Lettters  10:57-65. 
Since  these  experiments  were  completed  we  have  isolated  the  complex  and  separated  the 
12,500  MW  complex  into  subfractions  on  a  potassium  bromide  gradient,  (p,  1.006-1.279)  at 
200,000  x  g  for  24  hrs.  In  excess  of  30%  of  the  recovered  radiolabel  was  associated  with 
low  density  lipoprotein  (p,  1.073)  and  25%  of  the  radiolabel  was  associated  with  high 
density  lipoprotein  fraction  (p  1.125),  (Fed  Amer.  Soc.  of  Exp  Biology  40,  1577,  1981). 

The  penetration  of  the  BP  into  the  nucleus  required  energy  and  the  transport  across 
the  nuclear  membrane  is  temperature  dependent.  When  the  temperature  of  the  cultures 
is  dropped  from  37°C  to  4°C  BP  is  not  found  in  the  nucleus.  Isolation  of  the  nuclei  from 
the  BP  treated  cells  incubated  at  4°C  revealed  that  no  radiolabel  was  present  in  the 
nuclei.  Under  conditions  for  transformation  we  found  that  BP  localized  in  the  nucleus 
was  oxygenated  and  7,8,9/10  ene  diol  Benzo(a)Pyrene  anti  form  of  the  Benzo  Pyrene  ene 
diol  epoxide  (BPDE-I)  was  produced.  It  appears  as  though  the  BP  is  oxygenated  in  the 
nucleus  possibly  in  the  chromatin  area.  (Submitted  to  Carcinogenesis  1981). 

Treatment  of  the  cells  with  BPDE-I  under  conditions  for  transformation  resulted  in 
a  transformed  phenotype.  DNA-adduct  analysis  of  the  BPDE-I  interaction  with  the  DNA 
of  transformable  and  non-transformable  cells  (Collaborative  studies  with  Dr.  Alan 
Jeffery  Comp.  Cancer  Center  Columbia  College  of  Physicians  and  Surgeons,  N.Y.,  N.Y.) 
illustrated  that  the  7R-BPDEI-dG  in  the  transformable  cells  was  the  only  adduct  that 
change  in  quantity,  i.e.  the  amount  of  7R-BPDEI-dG  decreased  80%  in  the  non- 
transformable  populations. 

When  we  examined  the  transformable  and  non-transformable  populations  treated 
with  BP  the  nuclear  base-adduct  that  changed  in  the  non-transformable  cells  was  the  7R- 
BPDEl-dG  adduct.  In  a  recent  series  of  experiments  we  added  BP  to  confluent  dense 
cultures  and  observe  that  greater  than  40%  of  the  BP  in  the  extracellular  medium  was 
metabolized  to  oxygenated  metabolites.  However,  there  was  no  radiolabel  found  in  the 
nuclei  of  these  cultures.  These  cultures  could  not  be  transformed  following  BP 
treatment  nor  were  there  any  oxygenated  metabolites  found  in  the  nuclei  of  these 
treated  cultures,  (Tejwani  and  Milo,  Cancer  Res.  1981  In  Press). 


To  examine  the  involvement  of  particular  rings  of  the  polynuclear  hydrocarbons; 
the  lipophilicity  of  the  active  carcinogen  was  examined;  we  decided  to  look  at  7,12- 
dimethylbenzanthracene  as  a  prospective  candidate  because  of  the  arrangement  of  the 
aromatic  nuclei. 


Reduction  of  the  A  ring  left  the  dimethyl  anthracene  nucleus  as  the  unconjugated 
system. 


This  compound  when  applied  to  human  cells  was  non-carcinogenic  to  very  weakly 
carcinogenic.  With  a  reduced  hexene  ring  then  the  compound  appears  as  the  following 
structure: 


1, 2, 3, 4-tetrahydro7 ,12-dimethyl  b«nz(a)anthracene,  (THDMBA). 
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The  THDMBA  treated  cells  had  a  transformation  index  of  168;  7,12  DMBA  treated  cells 
had  a  transformation  index  of  0;  BP  treated  cells  had  a  transformation  index  of  1;  9,10- 
dimethyl  cyclo  penteno  a  anthracene  treated  cells  had  a  transformation  index  of  23. 
The  transformation  index  was  calculated  as  the  number  of  colonies  containing  50  cells  or 
more  per  colony  per  10 5  cells  seeded  into  0.33%  agar  in  a  25  cm2  well,  (Tejwani  et  al., 
Cancer  Letters  13,  119-127,  1981).  The  saturation  of  the  A  ring  in  the  DMBA  prevented  the 
DMBA  from  being  oxygenated  in  the  bay  region  or  K-region.  These  are  the  reported 
regions  for  epoxides  to  be  formed  that  lead  to  the  penultimate  forms  of  oxygenated 
polynuclear  hydrocarbon  carcinogenic  metabolites. 

We  have  recently  had  synthesized  through  NCI  the  radiolabeled  derivatives  of  the 
tetrahydro  form.  We  plan  to  examine  the  profile  of  possible  metabolites  by  high 
performance  liquid  chromatography. 


iii)  Principal  Experiments  in  Progress  with  Other  National  Laboratories 

We  are  presently  concluding  work  with  Dr.  Fred  Kadlubar  at  the  National  Center 
for  Toxicological  research  on  the  activity  of  the  amines  and  their  deterivatives  on  the 
interaction  of  the  amines  and  DNA.  Another  collaboration  that  will  bear  fruition 
presently  will  be  our  work  with  Dr.  Alien  Jefferies  at  the  College  of  Physicians  and 
Surgeons  Comprehensive  Cancer  Center  at  Columbia  University.  We  are  examining  the 
relationship  between  chemical  carcinogen  induction  and  adduct  formation.  Our  work 
with  Dr.  Donald  Witiak  is  beginning  to  bear  results.  We  are  assisting  his  laboratory  in 
two  ways.  First,  we  are  studying  the  relationship  between  the  hydrazine  compounds  and 
derivatives  with  the  induction  of  carcinogenesis  and  adduct  formation.  Secondly,  we  are 
using  the  radiolabelled  hydrazine  carcinogens  in  our  system  to  study  the  events  that 
occur  during  the  expression  phase  of  carcinogenesis.  This  is  being  accomplish  by 
studying  the  interaction  of  the  hydrazines  with  the  acid  soluble  histone  and  non-histone 
nuclear  proteins.  We  have  concluded  the  radiolabeling  studies  and  are  finishing  up  the 
studies  designed  to  quantitate  the  changes  in  histones  during  the  early  and  transitional 
stages  of  the  carcinogenesis  processs. 

The  work  with  Dr.  Kadlubar  on  aromatic  amines  has  been  accepted  for  publication 
in  Carcinogenesis,  (1981).  We  have  completed  the  evaluation  of  the  neoplastic  potential 
of  the  transformed  cells  on  the  chick  embryonic  skin  system  as  a  suitable  substitute  for 
the  mouse.  This  work  has  been  accepted  for  publication  in  In  Vitro,  (1981).  We  have 
completed  the  transformation  of  human  skin  epithelial  cells  and  the  manuscript  is  in 
Press,  (Cancer  Res  1981). 

We  are  continuing  to  work  on  the  interactions  of  HZ  and  UDMH  and  BP  with  the 
cell  nucleus.  Both  in  collaboration  with  Dr.  Witiak  and  Dr.  Trewyn.  (Objective  f-1981). 
Dr.  Tomei  is  working  on  the  Promoters  and  sensitizers  and  the  effect  they  have  on  the 
preinduction  process.  (Objective  g-1981).  His  report  is  as  follows. 

1)  Human  foreskin  fibroblasts  were  determined  to  be  resistant  to  mitogenic 
stimulation  by  animal  tumor  promoting  phorbol  esters  following  cell  cycle  arrest  by 
amino  acid  deprivation,  serum  deprivation,  and  diminished  Ca++  concentrations.  These 
results  are  in  contrast  to  results  obtained  and  reported  by  Tomei  et  al  (1980,  1981a,  1981b) 
using  the  murine  embryonic  fibroblast  C3H-10TV2.  These  findings  are  inconsistent  with 
the  concept  of  skin  tumor  promotion  based  upon  animal  data. 
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2)  Human  foreskin  epithelial  cells  were  studied  with  respect  to  responses  to 
putative  tumor  promoting  phorbol  esters. 

a.  Cell  cycle  activation  following  arrest  in  both  serum  deficient  and 
nutrient  deficient  media  was  not  observed.  Increased  nuclear  labeling  could, 
however,  be  induced  when  3 H- thymidine  specific  activities  exceeded  35  Ci/mmole. 
It  was  observed  that  this  labeling  (autoradiography)  approached  50-90%  of  the  cells 
after  24  hrs  treatment  and  was  markedly  uniform  with  respect  to  grain  number. 
Furthermore,  it  was  observed  that  regions  of  heavy  cornification  had  diminished 
grain  counts.  It  suggested  two  critical  modifications  of  future  experimental 
protocols;  ^H-thymidine  specific  activities  be  kept  below  10  Ci/mmole  and 
blockade  of  radioactive  missions  be  prevented  by  keratin  removal  prior  to 
preparation  of  autoradiography.  In  subsequent  experiments  using  low  specific 
activity  ^H-thymidine  and  epithelial  cells  stripped  of  overlaying  keratin,  TPA  was 
not  observed  to  be  mitogenic.  This  was  confirmed  using  another  non-phorbol  mouse 
tumor  promoter,  benzoyl  peroxide. 

b.  Mouse  tumor  promoting  phorbol  ester,  TPA,  was  observed  to  have  a 
profound  effect  on  patterns  of  cornification  in  normal  epithelial  islets.  Short  term 
experiments  (24-72  hr  exposure)  revealed  that  TPA  enhanced  keratinization 
determined  by  both  Mallory  histological  staining  and  epifluorescenee  obtained  with 
rhodanile  blue  (see  below).  This  was  in  marked  contrast  to  long  term  experiments 
(5-15  days)  which  revealed  that  large,  uniform  islets  developed  having  markedly 
diminished  total  keratin  as  determined  by  histological  staining. 

Conclusions  based  upon  these  observations  are  consistent  with  the  concept 
that  tumor  promoters  act  on  regulatory  processses  modifying  the  patterns  of  cell 
differentiation.  It  is  believed  that  basal  cells  are  inhibited  from  progressing 
through  keratinization,  whereas,  cells  that  have  progressed  beyond  an  initial 
commitment  stage  are  accelerated  through  to  maturation  and  release  into  a 
cornified  upper  stratum.  This  is  believed  to  be  related  to  modulation  of 
carcinogenic  transformation  as  described  previously  by  Milo  and  co-workers  and 
the  possible  relationships  are  being  investigated. 

c.  Epifluorescent  determination  of  keratinization  of  substantially 
improved  reliability  was  developed.  Using  the  stain  rhodanile  blue  (RB)  which 
stains  glycoproteins,  proteins  and  cytoskeletal  components,  it  was  found  that  water 
elution  produced  marked  variations  in  staining  densities  and  characteristics 
between  culture  dishes.  This  has  been  discussed  by  others  as  a  serious  shortcoming 
of  their  stain.  However,  it  was  found  that  methanol  elution  of  cells  stained  with 
1%  RB  in  water  resulted  in  the  visible  loss  of  approximately  90%  of  the  staining 
density.  Since  it  was  known  that  RB  absorbed  strongly  in  the  green  light  region  and 
had  an  extremely  strong  red  fluorescence,  the  methanol  eluted  cells  were  examined 
using  epifluorescenee  techniques  by  exciting  the  cells  with  green  light  and 
observing  fluorescent  emission  in  the  red  region. 

It  was  found  that  cytoskeletal  components  were  strongly  fluorescent, 
whereas,  cytoplasmic  and  nuclear  fluorescence  was  markedly  diminished.  Since  a 
major  component  of  the  cytoskeleton  in  human  skin  epithelial  cells  is  keratin, 
results  were  compared  with  results  obtained  with  fluorescent  antibody  techniques 
using  rabbit  anti  keratin  and  fluorescene  coupled  goat  anti-rabbit  sera.  Thus  far, 
these  techniques  have  revealed  that  basal  layers  of  epithelial  cells  have  substantial 
variations  in  keratin  levels  and  cytoplasmic  organization.  Furthermore,  these 
variations  are  not  uniform  but  rather  form  clusters  implying  local  cellular 
regulation  (see  Tomei,  J.  Theoretical  Biol,  in  press). 
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0.  Investigation  in  progress: 


(1)  Cell  cycle  effects  of  tumor  promoters  in  skin  fibroblasts  are  being  examined 
following  Gi  "staging"  (i.e.  pretreatment  of  cells  with  peptide  hormones,  steroid 
hormones,  and  antioxidants  during  serum  deprivation  stage  of  blockade). 

(2)  It  is  suspected  that  lung  fibroblasts  (human  embryonic)  will  have  distinctly 
different  responses  to  phorbol  esters,  presumably  involving  cell  cycle  activation 
without  a  requirement  for  pretreatment. 

(3)  Another  marker  of  tumor  promoter  activity  has  been  related  to  induction  of 
trypsin  resistant  adhesion.  Using  ^H-fucose  (a  5  carbon  carbohydrate),  prelabelled 
cells,  it  has  thus  far  been  found  that  TPA  inhibits  incorporation  of  the  radiolabel 
•*H  from  the  medium  into  the  cytoskeleton  by  15-25%  over  48  hrs  in  the  absence  of 
glucose  in  the  extracellular  medium. 

We  are  currently  examining  the  ability  of  TPA  to  increase  the  fraction  of 
detergent-resistant  ^H-fucose  containing  glycoproteins.  It  is  known  that  TPA 
substantially  increased  the  resistance  of  skin  fibroblasts  to  triton  X-100  disruption. 

Further  experiments  are  in  progress  to  determine  responses  of  lung-derived 
fibroblasts  obtained  from  primary  human  mammary  and  mammary  tumor  cultures. 

(4)  Collaborative  efforts  are  underway  with  Dr.  Ernest  Kuhn  (U.C.S.F.)  to 
determine  poly  ADP  ribose  polymerase  activities  in  skin  and  lung  fibroblasts 
and  the  effects  of  pretreatment  with  mouse  tumor  promoting  phorbol  esters, 
non-phorbol  esters  and  anti-oxidant  agents. 


Objective  H 

We  have  several  papers  in  preparation  on  metabolite  formation  by  skin  fibroblast 
and  skin  epithelial  cells,  see  enclosed  manuscripts.  This  work  is  continuing.  We  have 
completed  radiolabeling  synthesis  of  the  reduced  A  ring  7,12-DMBA  and  we  are  presently 
investigating  its  possible  metabolite  profile  using  the  radiolabelled  compound. 
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SUtlARY 

Benzo (a (pyrene  [B(a)P],  an  environmental  carcinogen,  has  been  shown  to  transform  human  skin 
fibroblasts  in  vitro.  This  fossil  fuel  conbustion  product  and  other  polynuclear  hydrocarbons  have 
exhibited  a  requirement  to  be  biutransformed  to  their  ultimate  carcinogenic  forms  to  induce 
transformation.  B(a)P  diol -epoxides  are  the  most  cited  candidates  as  ultimate  carcinogens. 

When  proliferating  skin  epithelial  cells  (Phase  III  type  cells)  were  treated  with  2H-B(a)P,  83% 
was  extractable  into  the  organic  phase  as  3(a)P  while  In  the  non-proliferating  cells  61% occured  as  the 
parent  B(a)P.  Human  Lung  epithelial  cells  and  liver  hepatocytes  were  also  treated  with  2H-8(a)P  and 
the  metabolites  analyzed  by  HPLC.  Patterns  of  metabolism  of  B(a)P  by  these  cell  populations  were 
dissimilar  to  those  for  skin  epithelial  cells.  In  lung  and  liver  only  9.2-21.1%  remained  as 
unmetabolized  S(a)P  in  the  non-proliferating  cells,  whereas  26.4%  remained  as  B(a)P  in  the 
prol iferatlng  lung  cells. 

Proliferating  low  passage  human  skin  fibroblasts  were  treated  for  24  hours  with  3H-8(a)P  after 
which  the  metabolites  were  removed  from  the  growth  medium  with  ethyl  acetate.  Analysis  of  the  organic 
phase  by  HPLC  demonstrated  that  8(a)P-tatrols  (diol  epoxides).  B(a)P-diols  and  B(a)P-phenols 
represented  a  small  portion  (2%  ea.)  of  the  metabolites. 

Our  results  suggest  that  either  the  ultimate  form  of  the  carcinogen  Is  different  for  fibroblasts 
and  epithelial  cells  or  the  quantitative  generation  of  hydroxylated  metabolites  Is  not  required  for 
neoplastic  transformation  in  fibroblast  cells.  If  hydroxylation  is  required,  then  the  site  of 
nydroxylatlon  may  be  the  significant  factor.  Present  evidence  suggests  that  in  B(a)P  treated 
fibroblasts  the  activation  of  B(a)P  in  the  cell  takes  place  other  than  the  microsomal  P450  conplex, 
presumably  In  the  nucleus.  In  epithelial  cells  from  primary  target  tissues,  the  microsomal  PASO 
complex  may  play  a  more  predominant  role  In  the  carcinogenesis  process  coopered  to  the  fibroblast 
microsomal  complex. 


ABBREVIATIONS 

0 (a )P-Benzo(a (Pyrene;  MEM-mininsim  essential  medium-Eagle;  FBS-fetal  bovine  serum; 
Li^HJ-malP-tritlum-labeled  benzo(a)pyrene;  Cl-curie;  BHT-butylated  hydroxytoluene;  HPLC-high 
performance  liquid  chromatoxrephy sPOL-populatlon  doubling;  NFS-neonatal  foreskin;  HEl-human  embryonic 
lung 


INTRODUCTION 

The  metabolism  of  the  environmental  carcinogen  benzo(a)  pyrene  CB(a)P]  occurs  In  animal  tissues 
through  several  pathways  Intended  for  detoxification,  l.e.  the  mixed  function  oxidases  or  by 
conjugation  with  polar  groups  either  sulfates,  glucuronic  acid  or  glutathione.  These  pathways  yield  a 
mixture  of  organic  and  water  soluble  metabolites,  many  of  which  have  been  Implicated  as  ultimate 
carcinogenic  forms  of  B(a)P  (1-6). 

Among  the  primary  target  tissues  of  B (a )P-1 nduced  carcinogenesis  are  the  skin,  lung  and  liver, 
either  due  to  direct  exposure  (skin,  lung)  or  due  to  an  ultimate  role  in  detoxification  (liver). 
Metabolite  profiles  of  B(a)P  produced  by  cells  In  culture  originating  from  any  of  these  organs  would  be 
very  Informative.  Since  most  cancers  are  of  epithelial  origin  (carcinomas),  the  metabolism  of  8(a)P  by 
epithelial  cells  placed  in  culture  from  these  target  organs  would  be  of  particular  Interest. 

B(a)P  metabolism  studies  are  available  for  several  rodent  species  (7-10).  Due  to  the  concern  over 
numan  exposure,  however,  B(a)P  metabolite  profiles  from  human  cells  would  be  more  desirable 
(1 1 ,12,13,14).  In  this  report,  we  describe  the  In  vitro  biotransformation  of  B(a)P  by  human  epidermis, 
peripheral  lung  epithelial  cells  and  liver  parenchyma l  cells  jn_  vitro.  He  compared  also  the  8(a)P 
netabolite  profiles  of  human  e"ith-1'<:l  c»n*  with  hum»o  "  **.*  7.7 
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MATERIALS  AM)  METHOOS 
MATERIALS 

CG-^H]  8(4 JR  (19  C1/mmo!e)  m<  purcltttod  from  Amersftam  Searle.  Arlington  Heights,  IL.  Synthetic 
B(a)P  not  Abo  lit*  standards  were  received  through  th«  Chemical  and  Physical  Carcinogenesis  Branch, 
National  Canctr  Institute,  Bethesda,  MO. 

Eagle's  Mlnioum  Essential  Mediue  (MEM)  containing  25  sH  Hopes  buffer  was  purchased  from  Grand 
Island  3lo1og1cal  Co.,  Grand  Island,  NY.  (CM- 25  n*  Hopes  at  pH  7.2  was  supplemented  with  sodium 
pyruvate  (1.0  n*i),  glutaalne  (2.0  n*M) ,  nonessentlal  aarino  acids  (IX)  and  vitamins  (IX)  (IS).  All  of 
these  suppleaents  were  obtained  from  M.A.  Bioproducts,  Halkarsville,  Ml).  The  MEM  also  contained 
sodlua  bicarbonate  (0.21)  and  gentaeycln  (5u9/al). 

Fetal  bovine  senes  (FBS)  was  purchased  fron  Rebels  Chcnrtcal  Co.,  Kankakee,  IL.  Collagenase  was 
obtained  froa  Worthington  Slochealcal  Corp.,  Vineland,  NJ,  Instage)  scintillation  cocktail  from  Packaro 
Instruaent  Co.,  Oowners  Grove.  IL.  and  methanol  (NCB  OanlSolv)  for  HPLC  from  Curtin  Matheson 
Scientific,  Inc.,  Cleveland,  OH. 

METHODS 

Primary  Skin  Epithelial  Cell  Cultures 

Primary  cultures  or  rumen  neonatal  foreskin  epithelial  cells  were  established  as  described 
previously  (18-18).  This  methoo  involves  an  initial  digestion  of  the  tissue  with  collagenase  (16), 
followed  by  selective  detachment  of  fiBroblasts  with  trypsin  after  the  primary  culture  was  established 
(17,18). 

Primary  lung  Epithelial  Cell  Cultures 

Human  fetal  lung  tissue  obtained  from  Willies  J.  Qougtas  (Tufts  University)  was  enzymatically 
dispersed  for  4  hours  with  0.25%  collagenase  In  MEM  supplemented  with  20%  FBS.  The  digestions  were 
done  at  37  C  in  a  4%  CO?  enriched  air  environment.  The  calls  were  centrifuged  at  650  x  g  for  10 
minutes,  washed  with  MEM,  and  resuspended  In  MEM  containing  20%  FBS.  The  cells  were  then  seeded  at  a 
concentration  of  20,000  cells/cnH.  After  2  hours,  the  residual  lung  calls  In  suspension  were 
removed,  and  the  cells  attached  to  the  substratum  were  fed  with  (CM  containing  40%  FBS. 

The  primary  lung  cell  cultures  contained  less  than  10%  fibroblasts  when  the  B(a)P  metabolism 
studies  were  undertaken.  They  were  composed  of  mixtures  of  epithelial  cell  types.  However,  the  major 
portion  of  the  population  contained  lamellar  structures,  tonofl laments,  and  desmosomes  as  determined  by 
electron  micrsocopy.  At  this  time,  we  nave  designated  these  cultures  as  mixed  peripheral  lung 
epithelial  cell  populations. 

Primary  Liver  Parenchymal  Cell  Cultures 

Normal  adult  human  fiver  was  obtained  from  the  Tumor  Procurement  and  Pathology  Laboratory, 
Comprehensive  Cancer  Center,  Ohio  State  University.  Liver  from  surgery  was  placed  inmedtately  Into 
culture  by  a  modification  of  the  method  of  Schaeffer  and  Kessler  (19).  The  tissue  was  minced  into  1  to 
2  mm  pieces  and  Incubated  at  37  C  for  6  hours  In  the  presence  of  0.25%  collagenase  in  MEM  containing 
20%  FBS.  Fallowing  the  Incubation,  FBS  was  added  to  a  final  concentration  of  50%  and  the  parenchymal 
cells  were  selectively  pelleted  by  centrifugation  at  650  x  g  for  3  minutes.  The  cells,  were 
resuspended  In  MEM  containing  20%  FBS  and  insulin  (0.5  U/ml),  and  were  seeded  Into  25  cm?  tissue 
culture  flasks  at  a  concentration  of  15,000  eells/cm*.  Following  a  4  hour  attachment  period  at  37  C 
in  a  4%  CO?  enriched  air  environment,  the  cultures  were  washed  to  remove  debris.  The  cultures  were 
fed  with  MEM  containing  20%  FBS,  and  a  confluent  primary  culture  of  parenchymal  cells  was  obtained 
within  72  hours.  The  cultures  were  comprised  of  greater  than  95%  liver  parenchymal  cells. 

Primary  Skin  Fibroblast  Cell  Cultures 

Human  neonatal  foreskin  fibroblasts  were  grown,  serially  subpassaged  and  treated  with  B(a)P  as 
described  previously  (2). 

[G-jnl  B(a)P  Treatment 

Treatment  of  cells  with  CG-3H]  B(a)P  (0.1Q5uM  at  1  nC  1/ml,  19  Cl/mmote)  was  accomplished  after 
dissolving  the  conpound  In  spectral  grade  acetone.  The  final  solutions  were  added  to  MEM  containing 
10%  FBS  at  37*C.  The  [G-3h]  B(a)P-conta1nlng  medium  (3.3  ml/25  cm*  flask)  was  used  to  feed  the 
cultures,  after  which  they  were  Incubated  at  37*C  In  a  4%  CO?  enriched  air  environment  (20).  All 
procedures  with  [G-4H]  B(a)P  were  carried  out  under  yellow  light. 

8 (a IP  Metabolite  Extraction 

Twenty-four  hours  after  the  administration  of  radiolabeled  B(a)P,  aliquots  of  the  growth  medium 
were  removed  and  partitioned  with  3  volumes  of  ethyl  acetate  containing  the  antioxidant  butylated 
hydroxy  toluene  (BHT,  Q.3  mg/ml).  The  phases  were  separated,  and  the  organic  phase  was  passed  over 
annydrous  sodium  sulfate,  filtered,  dried  under  argon,  and  stored  at  -20  C.  The  sample  was  dissolved 
in  200u)  methanol,  and  centrifuged  at  12,000  x  g  for  2  minutes  to  remove  particulate  matter  prior  to 
analysis  by  HPLC. 

HPLC  Analysis 

The  solvent  delivery  system  consisted  of  a  Beckman  (Beckman  Instruments,  Inc.,  Irvine,  CA)  Model 
322  MP  programmable  HPLC  with  CKIA  Integrating  printer  plotter.  The  system  was  equipped  with  a  Model 
153  fixed-wavelength  UV  (254  nm)  detector,  and  fractions  were  collected  directly  in  scintillation 
minivials  with  an  LK8  Model  2112  fraction  collector.  The  reversed  phase  column  utilized  was  a  8eckman 
Ultrasphere-OOS  (150  x  4.6  mm). 

The  column  was  equilibrated  with  35%  methanol  In  water,  and  the  flow  rate  was  I  ml /minute 
throughout  the  analysis.  A  20  ul  sample  was  Injected,  and  elution  was  Initiated  with  a  mobll  phase  of 
35%  methanol  In  water.  After  30  seconds,  the  methanol  concentration  was  incressed  to  100%  over  a 
period  of  1.5  minutes.  Aliquots  of  0.2  ml  were  collected  In  each  mlnivial  and  2  ml  of  Instagel 
scintillation  cocktail  was  added.  Radioactivity  was  measured  with  a  Beckman  LS-9000  scintillation 
counter.  After  complete  elution  of  the  hydrocarbons,  the  column  was  re-equi It  Orated  with  85%  methanol 
for  8  to  10  minutes.  Authentic  3(a)P  metabolite  standards  were  detected  by  UV  absorbance  at  254  nm. 
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RESULTS 

Represented y«  cultures  of  human  peripheral  lung  epithelial  cells  (HEL),  skin  epithelial  cells, 
and  liver  parenchymal  cells  are  shorn  in  Figure  1,  The  lung  (Figure  1A)  and  liver  (Figure  1C)  cells 
attach  to  the  substratum,  and  they  will  each  grow  to  a  confluent  monolayer.  The  skin  epithelial  cells 
(Figure  13)  have  the  additional  capability  of  being  able  to  grow  In  a  vertically  stratified  layer.  For 
our  purposes,  proliferating  cell  cultures  are  those  that  have  significant  areas  of  the  substratum 
(usually  40-501)  not  covered  with  cells,  while  non-proliferating  cultures  are  confluent.  The  skin 
epithelial  cells  exhibit  vertical  stratification  under  both  circumstances.  The  proliferative  states  of 
duplicate  cultures  were  verified  by  JH-thynrl dl ne-1  aoel  1  ng  and  autoradiography  (data  not  shown). 

The  conversion  of  [G-3H]B(a)P  to  water  soluble  metabolites  by  human  epithelial  cells  derived 
from  lung,  skin  and  liver  Is  presented  in  Table  1.  The  cells  from  lung  and  liver  generated 
significantly  greater  amounts  of  the  water  soluble  metabolites  than  the  skin  epithelial  cells. 

The  ethyl  acetate-soluble  metabolites  of  B(a)P  generated  by  proliferating  HEL  epithelial  cells  is 
depicted  in  Figure  2.  The  HPLC  data  Indicates  that  less  than  301  of  the  organic-soluble  material  is 
accounted  for  by  the  parent  hydrocarbon  B (a )P.  The  major  portion  of  the  radioactivity  (34. 1%)  was 
localized  under  the  3(a)F-tetro1  peak.  The  relative  distribution  of  ethyl  acetate-soluble  metabolites 
is  suammrized  on  line  one  of  Table  2. 

A  significant  difference  in  the  HPLC  metabolite  profile  of  non-proliferating  HEL  epithelial  calls 
can  be  seen  tn  Figure  3.  Although  there  Is  little  difference  in  the  amount  of  8(e)P-tetrols  produced 
by  proliferating,  (Figure  2)  and  non-proliferating  (Figure  3)  HEL  cells,  a  major  polar  derivative  peak 
is  predominant  in  the  latter.  In  addition,  a  B(a)P-d1ol  peak  in  Figure  3  is  almost  non-existent.  The 
early  eluting  polar  component  produced  by  non-prol ifaratlng  HEL  cells  is  made  up  almost  totally  of 
d(a)P  sulfate  conjugates  because  this  peak  Is  reduced  greater  than  90S  by  treatment  with  arylsulfatase 
.data  not  presented).  Again,  a  suasaary  of  relative  3(a)P-metabol1ta  production  py  the 
non-proliferating  HEL  cells  Is  presented  In  Table  2.  There  Is  a  decrease  in  the  amounts  of  both  B(a)P 
diols  and  phenols  when  compared  to  proliferating  HEL  cells,  and  more  of  the  3(a)P  Is  metabolized. 

Pro) Ifaratlng  NFS  epithelial  calls  metabolize  such  less  3(a)P  than  HE!,  cells  (Table  2).  After  24 
nours,  33.91  of  the  ethyl  acetate-extractable  hydrocarbon  Is  the  parent  compound  B(a)P.  None  of  the 
3(a)F-metabol ites  account  for  more  than  4. SI  of  the  radiolabeled  material. 

Non-prol Ifaratlng  NFS  epithelial  calls  metabolize  more  than  twice  as  nuch  B(a)P  than  proliferating 
NFS  cells  (Table  2).  As  with  HEL  cells,  the  major  Increase  is  in  the  synthesis  of  polar  derivatives, 
'he  confluent  NFS  culture  gives  rise  to  somewhat  more  B(a)P-tetrol .  but  there  Is  little  change  In  8(a)P 
Jiols  and  phenols. 

Profiles  of  intracellular  distribution  of  B(a)P-metabol1tes  (foreskin  fibroblasts)  revealed  that  a 
major  portion  of  the  B(a)P  remains  in  Its  parent  form,  (21).  Extracellular  oxygenated  metabolites 
jccount  for  less  than  101  of  the  added  B(a)P  after  24  hour  treatment.  Figure  3.  B(a)P-tetrols,  diols 
and  phenols  accounted  for  less  than  It  of  the  remaining  metabolites. 

Liver  parenchymal  cells  actively  metabolize  B(a)P  similar  to  HEL  epithelial  calls  (Table  2).  Only 
21.lt  of  the  organic  soluble  hydrocaroon  is  unmetabol Ized  B(a)P  after  24  hours.  Polar  derivatives 
26. 3t)  and  S(a)P-tetrols  (25. 2t)  are  found  In  significant  amounts  In  the  medium  of  the  confluent  liver 
cell  culture.  Both  levels  are  similar  to  those  In  the  confluent  HEL  epithelial  ce'l  culture  and  hlgner 
than  the  NFS  epithelial  cell  culture. 

DISCUSSION 

Call  prol iferatlon  Is  required  for  the  fixation  of  the  carcinogenic  event.  We  have  been  able  to 
induce  neoplastic  transformation  of  normal  human  flbroolasts  with  a  variety  of  chemicals.  Including 
3(aiP,  if  tne  cells  are  in  an  enhanced  proliferative  state  (2,15).  However,  we  have  not  been  able  to 
transform  confluent,  non-oro! ifaratlng  human  cells  even  if  the  cells  are  subpassaged  and  allowed  to 
jivide  imaediately  after  the  carcinogen  treatxmnt. 

Even  though  cell  prol iferation  is  required  for  chemical  carcinogen-induced  neoplastic 
transformation,  most  studies  of  a (a )P  activation  make  use  of  non-prol ifaratlng  call  cultures 
3,4,7,11,13,14,22).  it  has  been  shown  with  huean  skin  fibroblasts,  that  stationary  (non-proliferating) 
cultures  established  by  seeding  cells  at  a  low  density  In  nutrient-deficient  medium  yield  10  times  more 
oxygenated  B(a )P .metabolites  than  prol ifaratlng  cultures  (4).  The  significance  of  these  oxygenated 
jiaiP  metabolites  to  carcinogensis  is  unknown.  We  reported  previously  that  non-confluent  skin 
fibroblasts  transport  3(a)P  to  the  nucleus  while  confluent  fibroblast  do  not  (2,20).  Therefore,  the 
increased  metabolism  by  non-prol iferating  cultures  may  be  without  effect. 

Human  epithelial  cells  exhibit  different  growth  characteristics  In  vitro  when  cowpared  to 
‘ibroolasts,  and  most  human  cancers  are  of  epithelial  origin  (carcinomas) therefore,  we  felt  it  was  of 
merest  to  examine  the  metabolism  of  3(a)P,  by  epithelial  cells  under  proliferating  conditions  which 
'jvor  transformation  and  under  non-prol ifaratlng  conditions  which  do  not  favor  transformation, 
.pitheiial  cells  from  different  primary  target  tissues  were  utilized  to  assess  intertissue  variation. 

The  lung  and  liver  cell  cultures  produce  more  water  soluble  metabolites  than  do  the  skin  cells 
viable  1).  The  water-soluble  derivatives  consist  mainly  of  detoxified  conjugates  of  B(a)P  (13,22). 
Jonsiderlnq  that  tne  epidermis  Is  an  effective  physical  barrier,  the  need  for  an  active  detoxification 
pathway  may  be  less  important  than  with  lung  and  liver. 

3(a>P  diol -epoxides  are  considered  to  be  the  ultimata  carcinogenic  metabolites  of  3(a)P  (1,23). 

*ne  metabolic  activation  of  8(a)P  occurs  at  the  F450  locus  In  the  plasma  membrane,  and  the 
3 (a jP-dlol -epoxides  synthesized  form  adducts  predominantly  with  Che  N‘  moiety  of  guanine  in  nucleic 
acids  (21-23).  Such  interactions  with  DMA  are  thought  to  be  responsible  for  the  induction  of 
carcinogenesis. 

In  an  aqueous  environment,  B(a)P-d1ol -epoxides  are  rapidly  hydrolyzed  to  B(a)P-tetrols,  so  these 
are  the  most  significant  products  one  can  maasura  in  the  ethyl  acetate  phase.  Little  change  was 
observed  in  tne  generation  of  B(a)P-tetrols  by  proliferating  and  non-proliferating  human  epithelial 
cell  cultures  (Table  2).  This  indicates  that  the  activation  pathway  is  functioning  under  both 
circumstances,  and  that  the  ultimate  carcinogenic  B(a)P-d1ol-epoxides  are  synthesized. 

The  early  eluting  polar  B(a)P  metabolite  peak  (Figure  3;  Table  2)  is  composed  predominantly,  if 
not  totally,  of  B(a)P  sulfate  conjugates.  Extraction  of  these  detoxification  products  of  3(a)P  phenols 
witn  ethyl  acetate  has  been  reported  using  a  different  chromatographic  system  (7,24).  Our  results  for 
Human  epithelial  cells  are  consistent  with  this  detoxification  pathway  being  activated  in 
non-pro  I iferating  cells,  with  the  HEL  cells  (Figure  2  and  3;  Table  2),  the  increase  in  the  eerly  polar 
oerivative(s)  in  the  confluent  culture  is  accounted  by  a  decrease  In  S(a)P-ohmol'  ?nd  "nit. 
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The  rtsults  presented  in  this  manuscript  demonstrate  that  hu«Mn  lung  epithelial  cells  end  liver 
parenchymal  cells  biotransform  8(4)1'  to  4  much  greeter  extent  then  do  hu«en  skin  epitheliel  cells.  The 
increased  biotransformetion  involves  both  the  activation  end  the  detoxlfl cation  pathways.  In  addition, 
non-proliferating  epithelial  cells  have  a  greater  propensity  for  deactivating  8(e)?  than  do 
pro)  iferatmg  epithelial  cells.  This  may  help  explain  the  need  for  cell  proliferation  during 
carcinogen  exposure  in  order  to  obtain  transformed  cells  in  vitro. 

Transformable  fibroblast  cell  populations  (2)  produce""leas  than  3%  hydroxy lated-epoxlde 
metabolites  (oxygenated  forms),  (21).  in  excess  of  98*  of  the  8 (a )P  remains  as  B(a)P. 

The  intracellular  distribution  of  8(a)?  in  the  fibroblasts  appears  to  xcur  as  8(a)?  bound  to  a 
low  molecular  weight  lipoprotein  (21).  Our  present  DNA  adduct  data  (Tejwani,  Jeffery  and  Hilo, 
unpublished  data)  suggests  that  the  ultimate  major  carcinogenic  form  in  the  nucleus  is  3ento(a)Pyrene 
7,3  dlot  9,10  epoxide  -I  (anti )-deoxy guanos ine  .  This  adduct  has  been  reported  by  others  to  be  the 
major  adduct  excised  by  the  error  free  repair  system  from  the  DNA,  (25,26).  In  fibroblasts,  activation 
by  the  microsomal  PASO  complex  is  not  necessary  to  biotransform  B(a)P  to  an  oxygenated  carcinogenic 
derivative,  however  activation  mist  occur  prior  to  induction  of  carcinogenesis.  Ike  conclude  from  these 
data  that  the  oxygenation  of  the  3(a)?  to  the  carcinogenic  metabolite  mist  take  place  in  another 
intracellular  location,  presumably  the  nucleus. 

A  proposed  mechanism  for  the  piotransformation  of  B(a)P  in  flbroolasts  followed  by  the  inquctlon 
of  a  carcinogenic  event  is  presented  here. 
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Similar  studies  are  in  progress  with  human  epithelial  cells  from  target  tissues  to  describe  8(a)P 
activation  and  induction  of  a  carcinogenic  event. 


Table  I 

Partitioning  of  Radioactivity  After  Incubation  of  human 
Epithelial  Cells  with  [G-3HjB(a)P  for  24  Hours 


Cells 

Percent 

Organic-soluble  Water-soluble 

SET  " 

Proliferating 

60 

40 

Non-proliferating 

S2 

48 

NFS 

Proliferating 

77 

23 

Non-proliferating 

81 

19 

Liver 

Non-proliferating 

42 

58 

TABLE  2 

B (a )P  Metabolites  Produced  by  Human  Epithelial  Cells  After  Incubation  with  [G-3H]8(a)P 
for  24  Hours4. 


Cells 

Polar 

Derivatives6 

~ STTIP - 

Tetrols 

TTaTF- 

Qlols 

Unidentified 

Metabolite6 

8  (a  )'• 

Phenols 

8(a)P 

HEL 

Proliferating 

— - 

34.3 

13.7 

9.5 

12.2 

26.4 

Non-proliferating 

32.1 

27.5 

2.0 

6.9 

3.8 

9.2 

NFS 

Proliferating 

1.9 

4.6 

1.2 

3.4 

2.1 

83.9 

Non-Proliferating 

17.0 

9.4 

1.8 

3.0 

1.8 

60.5 

Liver 

Non-proliferating 

26.3 

25.2 

3.5 

11.6 

3.2 

21.1 

4The  values  are  expressed  as  percent  of  total  radioactivity,  and  they  represent  the 
integrated  values  under  the  HPLC  peaks. 

^Treatment  with  aryl  sulfatase  removes  greater  than  80%  of  this  component  Indicating 
it  is  predominantly  a  sulfate  conjugate  of  8(a)P. 


c8(a)P-6,12-d1one  and  6-hydroxy*ethyl-8(a)P  co-elute  at  this  position 
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Figure  2.  Metabolite  profile  of  B(»)P 
produced  by  proliferating  HEL  colls.  The 
activity  la  expressed  as  a  percent  of  the 
total  radioactivity  of  B(e)P  plotted  as  a 
function  of  the  retention  tins  on  the 
HPLC  coluan  . 


Figure  3.  Metabolite  profile  at  3(a)?  produced 
by  HEL  cells  at  a  confluent  density,  the  activity 
Is  expressed  as  outlined  In  Figure  2,  legend. 
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Figure  4.  Metabolite  profile  of  3 tat*  produced 
by  proliferating  , transformable  foreskin 
fibroblasts,  the  activity  la  expressed  as 
outlined  In  Figure  2,  legend. 
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SUMMARY 

The  polynuclear  aromatic  hydrocarbons  (PAH)  benzofa]  pyrene  (BP)  and 
the  A-ring  reduced  analogue  of  7, 12-dimethylbenz[a]  anthracene  (DMBA), 
1 ,2,3,4-tetrahydro-7,12-dimethylbenz[a]anthracene  (TH -DMBA) are  carcino 
genic  to  human  cells.  The  unsaturated  PAH,  DMBA  exhibits  no  carcinogenic 
activity  on  human  cells  as  measured  by  growth  in  soft  agar.  The  TH-DMBA 
and  BP  treated  cells  exhibit  a  colony  frequency  in  soft  agar  of  84  and  86, 
respectively.  These  anchorage  independent  cells,  when  seeded  on  the  chick 
embryonic  skin  (CES)  organ  cultures,  are  invasive  and  form  a  fibrosarcoma. 
It  is  highly  unlikely  that  TH-DMBA,  which  does  not  contain  an  aromatic 
A-ring,  can  undergo  metabolism  in  human  cells  in  culture  to  form  a  bay 
region  3, 4-dihydrodiol-l  ,2-epoxide.  These  results  suggest  that  an  alternate 
mechanism  for  the  induction  of  carcinogenesis  is  appropriate  to  explain  the 
absence  of  bay  region  dioi-epoxide  metabolite  as  the  ultimate  form  of  the 
carcinogen  in  TH-DMBA  induced  carcinogenesis  in  human  diploid  cells. 


INTRODUCTION 

Metabolic  conversion  of  PAH  such  as  BP  and  DMBA  has  been  shown  to 
precede  an  expression  of  their  toxic,  mutagenic  or  carcinogenic  activities 
[  1  >2,5 ,6,17.21] .  Our  previous  studies  with  BP  have  indicated  that  this  car- 
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cinogen  can  induce  neoplastic  transformation  in  proliferating  human  skin 
fibroblast  cells  when  added  during  the  S  phase  of  the  cell  cycle  [4.  Milo 
et  al.,  unpublished  data] .  Although  DMBA  can  induce  a  carcinogenic  event 
in  rodent  cells  in  culture  [12] ,  this  PAH  does  not  induce  such  an  event  in 
proliferating  human  skin  fibroblast  cells  m  culture  [4] . 

Previous  results  from  our  laboratory  have  indicated  that  BP  is  taken  up 
and  initially  bound  to  a  cytoplasmic  lipoprotein  complex  present  m  human 
skin  fibroblast  cells  before  being  transported  to  the  nucleus  (4,19.  Tejwani, 
unpublished  data] .  DMBA,  on  the  other  hand,  is  randomly  dispersed 
throughout  these  cells  and  is  not  bound  to  the  cytoplasmic  lipoprotein 
complex  [4,  Tejwani,  unpublished  data] .  These  differences  may  in  part 
explain  the  induction  of  neoplastic  transformation  in  the  normal  human  skin 
fibroblast  cells  by  BP  and  not  by  DMBA. 

The  bay  region  diol-epoxide  of  DMBA,  the  3,4-dihydrodiol-l,2 -epoxide, 
has  been  proposed  to  be  the  major  metabolite  responsible  for  the  mutagenic 
and  carcinogenic  activities  of  this  PAH  in  rodent  cells  [3,18].  Consistent 
with  this  proposal,  DMBA  exhibits  mutagenicity  in  the  Ames  assay  only 
in  the  presence  of  a  microsomal  activation  system  [7] . 

The  observation  that  the  PAH  TH-DMBA  was  mutagenic  in  the  absence  or 
presence  of  a  microsomal  activation  system,  using  3  strains  (TA1537,  TA98, 
TA100)  of  Salmonella  typhimurium  [7] ,  provided  impetus  to  study  this 
A-ring  reduced  analogue  for  carcinogenic  activity,  using  human  cells.  Since 
TH-DMBA  cannot  be  expected  to  yield  a  bay  region  diol-epoxide  unless 
it  was  first  oxidized  (aromatized)  to  DMBA,  this  A-ring  reduced  analogue 
should  serve  as  a  useful  probe  for  investigating  alternate  mechanisms  of 
transformation. 

In  our  laboratory,  we  have  defined  several  indices  of  human  fibroblast 
cell  transformation  in  response  to  a  variety  of  chemical  carcinogens.  These 
include  morphological  changes,  extended  life  span,  growth  in  culture  condi¬ 
tions  toxic  for  untreated  normal  cells,  increase  in  lectin  agglutinability  and 
alteration  in  cellular  prostaglandin  levels  [10] .  The  anchorage-independent 
growth  of  transformed  cells  in  soft  agar  has  been  the  most  consistent  and 
reliable  indicator  of  tumor  production  in  athymic  nude  mice  and  on  the 
CES  organ  culture  system. 

In  this  report,  data  are  presented  on  the  carcinogenicity  of  TH-DMBA  in 
human  neonatal  foreskin  (HNF)  fibroblast  cells  in  culture. 

MATERIALS  AND  METHODS 

Chemicals 

DMBA  was  purchased  from  Eastman  Chemical  Company  and  BP  was 
received  from  the  National  Cancer  Institute  Repository.  TH-DMBA  was 
synthesized  by  a  method  previously  described  [7,20] .  The  hydrocarbon  was 
purified  on  a  Sphensorb  ODS  5  um  column  (4.5  mm  X  25  cm)  using  a  linear 
gradient  of  25—100%  methanol  for  1  h.  .All  solvents  were  of  reagent  or 
analytical  grade. 
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Cell  cultures  and  treatment  of  cells  with  PAH 

Primary  HNF  ceil  cultures  were  established  as  described  previously  [14] . 
Randomly  proliferating  cell  populations,  derived  from  human  foreskin 
tissues  dispersed  with  collagenase,  were  passaged  in  complete  growth 
medium  (CM)  composed  of  Eagle’s  minimum  essential  medium:  25  rnM 
Hepes  buffer  (pH  7.2)  supplemented  with  1  mM  sodium  pyruvate,  0.1  mM 
-non-essential  amino  acids,  2  mM  glutamine,  50  ug/ml  gentocin,  0.2%  sodium 
bicarbonate  and  10%  fetal  bovine  serum  (FBS)  in  a  4%  CO--enriched  air 
atmosphere  at  37°C.  HNF  cells  passaged  at  a  1  :  4  split  ratio  reached  con- 
fluency  in  4  days. 

Preconfluent  (70—80%)  logarithmically  growing  HNF  cell  populations 
between  population  doubling  (PDL)  4  to  5  were  blocked  at  the  G)/S  phase 
of  the  cell  cycle  by  feeding  the  cultures  with  non-proliferating  Dulbecco’s 
modified  Eagle’s  medium  supplemented  with  50  Mg/ml  gentocin,  1  mM 
sodium  pyruvate  and  10%  dialyzed  FBS  [8—10] .  Twenty  four  hours  after 
seeding,  when  the  mitotic  index  was  0.1%  to  0%,  the  non-proliferating 
medium  was  removed  and  the  cell  cultures  were  re-fed  with  CM  supple¬ 
mented  with  0.5  U/ml  insulin.  Thirty  four  hours  after  seeding,  the  synchron¬ 
ized  cell  cultures  were  treated  with  3.2  pg/ml  of  BP,  1  Aig/ml  of  DMBA  or 
0.5  Mg/ml  of  TH-DMBA  in  acetone.  Cell  cultures  to  which  an  equal  volume 
of  acetone  was  added  served  as  controls.  The  carcinogen  was  allowed  to 
remain  in  contact  with  the  cells  during  the  S  phase  of  the  cell  cycle  which 
was  8.2  h  long  [8—10] . 

Selection  of  transformed  cell  populations 

Forty  eight  hours  after  seeding,  the  cell  cultures  were  passaged  at  a  1  :  2 
split  ratio  into  CM  supplemented  with  2X  essential  vitamins,  8X  non-essential 
amino  acids  and  20%  FBS  (selection  medium).  The  cell  populations  were 
serially  passaged  at  1  :  10  split  ratio  into  the  selection  medium  [8—10], 
After  16  PDL,  the  cell  populations  were  seeded  into  soft  agar. 

Anchorage  independent  growth 

The  treated  and  control  cell  populations  were  trypsinised  and  seeded  at 
50,000  cells/25  cm:  well  in  2  nil  of  0.33%  soft  agar  and  Dulbecco’s  LoCal 
medium  supplemented  with  1  mM  sodium  pyruvate,  0.1  mM  non-essential 
amino  acids,  2  mM  glutamine,  50  ug/ml  gentocin,  0.2%  sodium  bicarbonate, 
lx  essential  vitamins,  lx  essential  amino  acids  and  20%  FBS.  The  cells  were 
layered  over  5  mi  of  a  2%  agar  base  prepared  in  RPMI  1629  medium 
supplemented  with  1  mM  sodium  pyruvate,  0.1  mM  non-essential  amino 
acids,  2  mM  glutamine,  50  pg/ml  gentocin,  0.2%  sodium  bicarbonate,  lx 
essential  vitamins,  lx  essential  amino  acids  and  20%  FBS  [8—10] .  The 
soft  agar  cultures  were  incubated  at  37°C  in  a  4%  CO;-enriched  air  atmo¬ 
sphere.  Three  weeks  later,  the  colonies  were  removed  with  a  tuberculin 
syringe  (20  gauge  needle)  and  seeded  into  the  selection  medium.  After 
attachment  and  sufficient  growth,  the  cell  cultures  were  trypsinized  and 
re-seeded  in  order  to  evenly  distribute  the  cells  from  the  monolayer  colonies. 
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The  cell  cultures  were  passaged  once  at  a  1  :  4  split  ratio  and  then  seeded  on 
the  CES  to  evaluate  neoplasia. 

Neoplastic  transformation 

The  cell  populations  at  PDL  36  were  seeded  on  the  CES  organ  cultures 
prepared  from  9  to  18-day-old  fertilized  eggs  [Milo  et  al„  unpublished  data] . 
The  CES  were  layered  onto  an  agar  base  containing  10  parts  of  1%  Agar  in 
Earle’s  balanced  salt  solution,  4  parts  of  chick  embryo  extract  and  4  parts  of 
FBS. 

Then,  cells  (10s)  from  treated  and  control  cultures  were  suspended  in 
0.025  ml  CM  supplemented  with  20%  FBS  and  seeded  on  the  CES.  Three 
days  later,  the  skins  were  removed  and  fixed  in  Bourn’s  solution.  Transverse 
sections  (5  nm)  were  stained  with  hematoxylin  and  eosin  and  examined  for 
the  presence  of  invasive  features. 

RESULTS 

Chemical  carcinogen  induced  neoplastic  transformation  of  HNF  cells  in 
culture  was  carried  out  by  the  procedure  of  Milo  and  DiPaolo  [8,9] . 
Randomly  proliferating  low  passage  cell  populations  were  seeded  into 
amino  acid  deficient  medium  to  block  them  at  the  G,/S  phase  of  the  cell 
cycle.  The  cell  populations  were  released  from  the  block  in  presence  of  a 
growth  promoter.  Ten  hours  later,  in  the  S  phase  of  the  cell  cycle,  the  cell 
cultures  were  treated  with  BP,  DMBA  or  TH-DMBA.  Cell  populations 
transformed  by  BP,  DMBA  or  TH-DMBA  were  serially  passaged  for  16  PDL 

TABLE  1 

CHARACTERIZATION  OF  TRANSFORMED  HUMAN  FORESKIN  FIBROBLAST 
CELLS  THROUGH  ANCHORAGE  INDEPENDENT  STAGE  AND  NEOPLASTIC 
STAGE  OF  CARCINOGENESIS 


Compound 

Concentration 

(ug/ral)* 

Evidence  of  colony 
formation  in  soft  agarb 

Incidence  of  tumor 
formation  in  CESC 

BP 

3.2 

86 

l/ld 

DMBA 

1 

0 

N.D. 

TH-DMBA 

0.5 

84 

1/1 

•The  concentration  of  each  of  thaaa  compound*  wa*  appropriately  selected  from  result* 
of  previous  work  (4 1 . 

bFour  well*  (25  an’/well)  were  seeded  with  50,000  cells/well  in  0.33%  soft  agar  supple¬ 
mented  with  growth  medium,  over  a  2%  agar  base  (8— 10) .  The  value*  for  colony  forma¬ 
tion  reported  bate  were  the  number  of  colonies  formed  per  10*  cell*  seeded  into  soft 
agar  [8—10]. 

c These  values  reported  here  were  for  4  CES  seeded  with  10'  ceils/CES  and  evaluated 
3  days  later.  Normal  untreated  cells  did  not  invade  the  tiaaue. 

dBP  treated  cells  were  also  evaluated  for  tumor  formation  in  nude  mice  [4  ].  The  treated 
ceils  were  positive  and  formed  turnon. 
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and  seeded  into  soft  agar  to  evaluate  anchorage  independent  growth.  BP 
(3.2  ^g/rnl)  treated  cells  exhibited  anchorage  independent  growth  with  a 
frequency  of  colony  formation  of  86/10*  cells  (Table  1).  Although  DMBA 
(1  Mg/ml)  did  not  transform  HNF  cells  in  culture  as  measured  by  anchorage 
independent  growth,  cells  transformed  by  TH-DMBA  (0.5  Mg/ml)  grew  to 
spherical  colonies  10—12  days  after  seeding  on  soft  agar  (Pig.  1),  with  a 
frequency  of  colony  formation  of  84/10*  cells  (Table  1). 

The  BP  and  TH-DMBA  treated  cell  populations  exhibiting  anchorage  inde¬ 
pendent  growth  were  seeded  onto  the  CES  to  evaluate  neoplasia.  These 
transformed  cell  populations  were  invasive  on  the  CES  and  produced  fibro¬ 
sarcomas  (Fig.  2).  The  tumors  were  designated  as  fibrosarcomas  because  of 
the  presence  of  mitotic  figures  in  the  tumor  tissue. 

Following  growth  in  soft  agar  and  re-seeding  into  monolayer  cultures, 
BP  treated  ceils  were  also  evaluated  for  neoplasia  in  nude  mice.  Six-week -old 
mice  received  5  X  10‘  cells  subcutaneously.  Four  weeks  later,  the  tumors 
were  excised  and  submitted  to  histopathology  for  evaluation.  The  tumors 
produced  were  identified  as  fibrosarcomas. 


Fig.  1.  Randomly  proliferating  HNF  c«U  populations  blocked  in  the  O,  phase  of  tha  call 
cycle  war*  released  from  tha  block  and  subsequently  treated  with  TH-DMBA.  Tha  call 
populations  war*  serially  passaged  for  16  PDL  and  waded  at  50,000  ealla/2S  cm*  wall 
into  soft  agar  aa  described  under  Material*  and  Methods.  Tha  soft  agar  cultures  were 
incubated  at  37*C  in  a  CO,-*nricbad  air  atmosphere  for  3  weeks.  Each  colony  con¬ 
tained  50—300  calls,  14  days  following  leading  into  soft  agar. 


Fig.  2.  The  BP  or  TH-DMBA  treated  ceil  populations  exhibiting  anchorage  independent 
growth  were  removed  and  aerially  paataged.  Than.  10’  cell*  suspended  in  0.025  ml  CM 
supplemented  with  20%  FBS  were  seeded  on  the  CES  (Milo  et  aL,  unpublished  data  I. 
ThrM  days  later,  the  CES  were  fixed  in  Bouin’s  solution,  stained  with  hematoxylin  and 
eoain  and  microscopically  examined.  (A)  represents  normal  untreated  fibroblast  cells 
seeded  on  the  CES  at  160x  magnification.  (B)  represents  TH-DMBA  treated  ceil  popula 
tions  growing  on  the  CES  at  160x  magnification. 
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DISCUSSION 

The  PAH  TH-DMBA  was  mutagenic  in  the  Ames  assay  both  with  and 
without  metabolic  activation  in  3  strains  of  S.  typhimurium  [7] .  In  fact, 
this  A -ring  reduced  analogue  was  more  mutagenic  in  the  absence  of  micro¬ 
somal  activation  using  the  plasmid  deficient  strain  TA1537  [7] .  TA1538  and 
the  missense  tester  strain  TA1535,  which  are  relatively  insensitive  to  DMBA 
mutagenesis  were  not  mutated  by  TH-DMBA  [7],  Nonetheless,  DMBA 
required  metabolic  activation  by  addition  of  the  S9  microsomal  fraction  in 
order  to  elicit  mutagenicity  in  strains  TA1537,  TA98  and  TA100  [7], 
whereas  TH-DMBA  required  no  such  metabolic  activation.  TH-DMBA,  in  the 
absence  of  the  S9  fraction  had  mutagenic  properties  similar  to  metabolically 
activated  DMBA.  This  is  a  marked  departure  from  other  PAH  which  require 
an  activating  system  or  chemical  modification  to  a  reactive  species  to  effect 
mutagenesis  in  the  Ames  assay.  Thus,  even  3,4-dihydrodiol-7-methylbenz(a]- 
anthracene  was  non-mutagenic  in  the  strain  TA98,  when  cofactors  required 
for  the  microsomal  activation  system  were  omitted  [11] . 

Previous  results  have  indicated  that  when  HNF  cells  are  treated  with  BP,  a 
major  portion  of  the  PAH  is  bound  to  a  cytoplasmic  lipoprotein  complex 
and  is  subsequently  transported  to  the  nucleus  as  the  parent  compound 
[4,19,  Tejwani,  unpublished  data] .  HPLC  analysis  of  the  BP  metabolites 
covalently  bound  to  DNA  has  indicated  a  low  level  of  BP  metabolism  taking 
place  in  these  cells,  with  the  formation  of  a  small  amount  of  the  BP-7,8-diol- 
9,10-epoxide-I-deoxyguanosine  adduct  [Tejwani,  unpublished  data] .  In  the 
present  study,  BP  also  induced  neoplastic  transformation  in  the  HNF  cells 
and  the  treated  cell  populations  exhibited  anchorage  independent  growth 
with  a  frequency  of  colony  formation  of  86/10*  cells  seeded  in  soft  agar. 
These  transformed  cell  populations  were  invasive  on  the  CES  and  produced 
a  fibrosarcoma. 

Although  DMBA  did  not  transform  HNF  cells  in  culture  as  measured  by 
anchorage  independent  growth,  it  was  interesting  to  observe  that  TH-DMBA, 
the  analogue  of  DMBA  completely  reduced  in  the  bay  region,  could  induce 
neoplastic  transformation  in  these  cells  and  was  as  potent  as  BP,  at  1/6  the 
dose  of  BP  used.  This  pronounced  activity  of  TH-DMBA  is  similar  to  what 
would  be  expected  in  our  system  if  we  were  assessing  an  ultimate  carcinogen. 

Previous  reports  have  indicated  that  l,2,3,4-tetrahydro-7-methylbenz[a]- 
anthracene.a  12-desmethyl  analogue  of  TH-DMBA,  is  non-carcinogenic  [16] . 
It  is  known  that  the  12-methyl  function  in  DMBA  provides  sufficient  steric 
interaction  with  the  C  i  -carbon— hydrogen  of  the  A-ring  to  stabilize  a  ketone 
function  at  position  5  owing  to  decreased  planarity  of  the  tetracyclic  system 
[13,14] .  In  TH-DMBA  the  CtJ— C,  interaction  freezes  the  ring  A  in  a  half¬ 
chair  conformation  with  Cj  slightly  and  C}  markedly  out  of  plane  with  the 
aromatic  anthracene  system.  The  speculative  A-ring  triol  of  DMBA,  possibly 
arising  by  reaction  of  DNA  or  other  macromolecular  nucleophile  with  the 
proposed  bay  region  3, 4-dihydrodiol-l ,2-epoxide,  is  expected  to  have  a 
similar  conformation. 
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These  observations  question  the  necessity  for  metabolic  activation  in  the 
case  of  TH-DMBA  as  a  prerequisite  to  macromolecular  binding  and  sub* 
sequent  transformation  in  human  cells.  Work  is  in  progress  employing  radio* 
labeled  TH-DMBA  to  further  assess  this  phenomenon. 
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SUMMARY 

Human  diploid  celts  morphologically  transformed  by  feline  sarcoma  virus  were  serially 
propagated  under  selective  cell  culture  conditions.  When  injected  into  nude  mice  prior  to 
passage  in  soft  agar  10.35%  I.  morphologically  transformed  cells  did  not  produce  tumors. 
However,  when  propagated  under  selective  cell  culture  conditions,  transformed  cells  grew 
in  soft  agar  and.  when  injected  subcutaneously  into  the  subcapsular  region  of  the  nu<np 
mice,  produced  neoplastic  nodules  histopathologically  interpreted  as  fibromas.  Kiaryologi- 
cal  examination  of  cell  populations  grown  out  from  the  tumors  confirmed  that  the  tumors 
were  composed  of  human  cells.  Examination  of  electron  micrographs  of  the  excised  tumor 
tissue  revealed  the  presence  of  budding  virus  particles.  Tumor  cells  isolated  from  nude 
mice  and  morphologically  transformed  cells  both  contained  the  feline  oncornavirus-associ¬ 
ated  cell  membrane  antigen.  It  was  concluded  that  expression  of  feline  oncornavirus- 
associated  cell  membrane  antigen  is  associated  with  an  early  stage  of  feline  retrovirus- 
induced  carcinogenesis,  namely  focus  formation.  In  addition,  it  was  shown  that  FeLV. 
FeSV  can  induce  morphological  transformation  in  human  cells  in  vitro  and  that  there  is  a 
requirement  for  the  cells  to  passage  through  soft  agar  before  subsequent  tumor  formation 
i  neoplastic  transformation  I  can  be  demonstrated. 

Key  words:  feline  sarcoma  virus;  neoplastic  transformation;  human  diploid  cells. 


Introduction 

Feline  retroviruses  have  been  reported  to  trans¬ 
form  cells  of  numerous  animal  species  including 
hamsters  *1-4*.  cats  *5—7).  dogs  .'2.4.8.91,  pigs 
1 2.5*.  sheep  ilOl,  monkeys  l III,  and  humans 
14.7.9.10.  12-151  morphologically.  However,  rat 
and  mouse  cells  are  refractory  1161.  along  with 
WI-38  cells  lit),  to  feline  retrovirus  transforma¬ 
tion  and  thus  there  are  no  reports  about  neoplastic 
transformation,  i.e..  the  ability  to  produce  tumors 
with  the  in  vitro  transformed  ceils  in  an  appropri¬ 
ate  animal  host. 

Although  the  role  of  feline  retrovirus  in  spon¬ 
taneous  neoplastic  diseases  of  various  heterolo¬ 
gous  animal  hosts  is  not  known,  the  feline  sar¬ 
coma  virus  I  FeLV /FeSV  I  induces  fibrosarcomas 


in  cats  15.6.181  and  other  species.  The  oncogenic 
properties  of  FeLV  FeSV  in  humans  are  not 
known. 

The  objectives  of  this  study  were  to  determine 
the  optimal  in  vitro  conditions  of  transformation 
of  human  diploid  cells  by  FeLV  FeSV  and  the 
oncogenic  potential  of  these  transformed  cells  in 
np  i  tip  mice. 

Materials  and  Methods 

Primary  NFS  cultures.  Primary  human  cell 
cultures  I  NFS  I  established  from  foreskin  tissue  as 
previously  described  1 191,  were  maintained  on 
Eagle's  minimal  essential  medium  (MEMI. 
Hanks'  buffered  salt  solution  iHBSS).  25  rruVf 
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HEPES  buffer  at  pH  7.2  iGIBCO.  Grind  Island. 
NYl.  1  mjW  sodium  pyruvate.  -  mAf  glutamine. 
SO  Mg  Gen  Lam  vein  mi  t  Sobering  Diagnostics. 
Port  Reading.  NJI.  0.2%  sodium  bicarbonate, 
and  10%  fetal  bovine  serum  iFBSl  i  Biofluids. 
Inc..  Rockville.  MDl. 

Preparation  of  stocks  of  Snyder-  Thetlan  FeSV. 
Stocks  of  ST-FeSV  were  prepared  as  previously 
described  <201.  Feline  embryo  ceils  at  50  to  70% 
conflueocy  were  treated  with  DEAE-dextran 
idOMg'ml)  in  L- 1 S  medium  iGIBCOl  at  room 
temperature  for  20  min.  Following  removal  of  the 
DEAE-dextran.  a  virus  inoculum  in  L-15 
medium  supplemented  with  5%  FBS  was  added 
to  the  ceil  sheet  for  2  hr.  The  cell  sheet  waa  then 
refed  with  L-15  medium  ■+■  15%  FBS  and  incu¬ 
bated  for  7  to  10  days  at  37°  C  in  a  4%  CO,- 
enriched  atmosphere.  The  ceila  were  harvested  by 
scraping  and  subjected  to  two  cycles  of  rapid 
freezing  in  dry  ice:  95%  ethanol  and  thawing  in  a 
37s  C  water  bath.  The  cell  suspensions  were 
centrifuged  at  350  xg  for  10  min:  the  supernatant 
solution  was  filtered  through  a  0.45-um  Millipore 
filter  and  stored  in  0.5-ml  aliquots  at  -70°  C. 

Selection  of  " pure "  populations  of  FeSV- 
infected  human  cells.  Preconfluem  cell  popula¬ 
tions  at  population  doubling  iPDLl  4  to  14  111 
were  seeded  at  0.5  to  1 .0  x  10*  cells/  cm'  in  MEM 
f  10%  FBS.  After  each  split  at  a  1:4  split  ratio, 
the  PDL  were  increased  by  2.  After  24  hr.  the 
cells  were  inoculated  with  1.250  dilution  of  FeSV. 
which  had  a  titer  of  b.  1  *  10*  focus  forming  units 
ifful/  ml.  The  protocol  for  inoculation  was  identi¬ 
cal  to  that  used  on  the  human  diploid  cell  cultures 
except  that  MEM  growth  medium  was  used  in 
place  of  L-15.  Ten  days  later,  the  cultures,  which 
contained  10  foci /  cm'  for  a  20-cra'  plate,  were 
passaged  1:4.  Those  areas  in  the  confluent  culture 
containing  hvperrefractile  cells  that  stained 
densely  with  hematoxylin  were  identified  as  foci 
<  121.  The  cultures  attained  conflueocy  in  5  days 
and  were  serially  passaged  thereafter  1:10  until 
'pure"  populations  were  attained  that  contain 
100%  feline  oncornavirus  ceil  membrane  antigen 
1  FOCMAI-positive  cell  populations.  These  in¬ 
fected  cell  populations  required  8  to  9  days  to 
reach  saturation  density. 

Effects  of  different  growth  media  on  prolifera¬ 
tion  of  FeSV-infected  cells.  Cells  were  seeded  at 
1:10  dilutions  into  different  growth  media  supple¬ 
mented  with  10%  FBS.  Cell  proliferation  was 
then  monitored  in  either  McCoy's  5A.  MEM- 
Mg\  MEM  iGIBCOl  or  EBM  LoCal  <  Biolabs. 
Northbrook.  ILl.  McCoy's  5A  medium  was  used 


previously  for  the  growth  of  feline  leukemia  virus- 
transformed  iFL-741  cells  in  suspension  culture 
1 201;  MEM-Ca**  -  Mg'*  and  EBM  LoCal  were 
selected  because  these  elements  have  previously 
been  found  to  alter  Adeoo- 1 2  -  induced  focus 
formation  of  hamster  embryo  cells  <21 1  and  to 
alter  susceptibility  and  refractoriness  of  Yaba 
tumor  pox  virus-induced  focus  formation  l22). 

Release  of  infectious  virus  from  FeSV-infected 
human  cells.  Pure  populations  of  FeSV-infected 
human  cells  growing  on  either  EBM  LoCal, 
McCoy's  5A.  or  MEM  media  were  assayed  for 
the  release  of  Infectious  virus.  Twenty-four  hours 
after  seeding  at  PDL  20.  or  as  the  cells  stopped 
proliferating,  aliquots  of  the  supernatant  solu¬ 
tions  were  removed  and  filtered  through  a  0.22- 
um  Swinnex  Millipore  filter,  then  diluted  and 
used  as  inoculum.  Ten  days  later,  the  infected 
plates  were  fixed  in  10%  formalin  and  stained 
with  hematoxylin  and  eosin.  Finally,  the  foci  were 
enumerated.  These  foci  contained  cells  that  were 
morphologically  distinct  from  the  normal  cells 
i see  shove)  and  are  hereafter  referred  to  as 
morphologically  transformed  cells. 

Passage  of  morphologically  transformed  cells 
through  soft  agar.  Soft  agar  was  used  as  a  suspen¬ 
sion  medium  for  the  growth  of  morphologically 
FeSV-transformed  cells.  A  2%  agar  base.  RPMI 
1029  medium  iGIBCOl  was  supplemented  with 
20%  FBS.  Transformed  cells  were  harvested 
from  the  supernatant  solution  and  resuspended  in 
EBM  LoCal  medium  4-  20%  FBS.  1  %  essential 
amino  acids.  1  %  essential  vitamins.  0.35%  agar. 
I  mM  sodium  pyruvate.  2  m M  glutamine.  0.2% 
sodium  bicarbonate,  and  50  Mg' ml  Gentamycin. 
Two  milliliters  of  this  cell  suspension  were  seeded 
at  1-2  »  10*  cells' ml  over  the  agar  base  plates. 
These  media  were  used  because  the  morphologi¬ 
cally  transformed  cells  grow  more  optimally  in 
these  media.  We  have  tried  RHMI  1640.  MEM. 
BME.  et  cetera  with  less  success. 

FOCMA  detection.  An  indirect  immuno¬ 
fluorescence  test  for  FOCMA  <  23 1  was  performed 
on  the  morphologically  transformed  cells.  Pro¬ 
liferating  transformed  cells  from  either  mono- 
layers  or  soft  agar  were  harvested  by  centrifuga¬ 
tion  at  650  xg  for  7  min  at  a  ceil  density  of  0.5  to 
1.0  x  10*.  The  reference  primary  reagent  'cat 
serum)  used  in  this  study  was  from  a  FOCMA 
antibody-positive  cat  that  was  persistently 
viremic.  This  agent  was  shown  to  be  specific  for 
FOCMA,  since  absorption  of  the  serum  with  in¬ 
tact  and  ether-disrupted  <FeLV  1 1 0"  purified 
particles/  ml  of  serum  I  did  not  decrease  antibody 
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titers  *241.  In  addition,  this  reagent  produced 
membrane  fluorescence  on  FeSV-iaiected  human 
neonatal  foreskin  cells,  but  not  on  uninfected 
human  foreskin  ceils  l unpublished  data). 

Histopathology  and  electron  microscopy. 
Tumors  of  FeSV -infected  cells  and  FeSV-infected 
cell  populations  prepared  from  boluses  growing  in 
soft  agar  were  prepared  for  histopathology  and 
electron  microscopy. 

A  thymic  nude  ln«.  op  I  mice,  which  were  back- 
crossed  5  or  10  times  and  obtained  from  Sprague- 
Dawley.  Madison.  WI.  were  selected  for  evalua¬ 
tion  of  the  neoplastic  potential  of  FeSV- trans¬ 
formed  human  cells.  Preconfluent  cultures  of 
FeSV-trmnaformed  cells  were  prepared  for  injec¬ 
tion  by  scraping  with  a  rubber  policeman;  they 
were  then  pelleted  by  centrifugation  at  540  *g  for 
7  min.  The  pellet  was  resuspended  in  fresh  MEM 
and  recentrifuged.  After  res  us  pension  in  MEM  ■+■ 
0.5%  agar.  U.53  to  1.0  *  10’  cells  were  injected 
subcutaneously  into  a  thymic  nude  inpnpl  mice 
that  had  been  irradiated  3  to  4  days  previously 
with  450  rad  2’Cs  y-rays.  The  nodules  that  de¬ 
veloped  at  the  site  of  inoculation  were  excised 
after  <>  weeks'  growth,  fixed  in  3%  glutaralde- 
hyde-0.1  ,Vf  cacodviate  buffer  at  pH  7.4.  and 
then  prepared  for  histopathology  and  electron 
microscopy.  In  addition.  FeSV-infected  pro¬ 


liferating  populations  isolated  from  boluses  ob¬ 
tained  from  soft  agar  were  scraped  from  the  sub¬ 
stratum  of  the  flasks,  pelletized  by  centrifugation 
at  650  *g  for  7  min,  and  fixed  in  3%  giutaraide- 
hyde-0.1  .Vf  cacodviate  buffer  at  pH  7.4  for 
examination  under  an  electron  microscope. 

Ksrotype  analysis  of  excised  tumors.  Tumors 
from  0.8  to  1 .2  cm  in  length  were  identified  at  the 
site  of  injection  after  6  weeks.  These  tumors  were 
surgically  removed  from  the  nude  mice  and  cell 
suspensions  were  made  as  described  elsewhere 
1191.  Hyperimmune  antiserum  prepared  against 
nude  mouse  skin  cells  was  added  to  the  culture  of 
500.000  tumor  cells  in  a  73-cm2  flask  at 
0.0  ml/ 15  mi  of  growth  medium.  The  medium 
containing  the  antiserum  was  renewed  every 
24  hr.  Seventv-two  hours  later,  the  proliferating 
ceils  were  refed  with  5  ug.  ml  of  cokemide 
iGIBCOl  in  10  mi  of  growth  medium  and  incu¬ 
bated  for  3  hr  at  37°  C.  The  medium  was  de¬ 
canted  after  3  hr  and  the  cell  monolayer  was 
rinsed  with  warm  PBS-Ca  '  -  Mg2'.  Following 
their  removal  with  10  ml  of  trvpsin-versene  solu¬ 
tion  (40: 1 1.  the  cells  were  recovered  by  centrif  liga¬ 
tion  at  o50  xg.  The  cell  pellet  was  fixed  in  cold 
methanol-glacial  acetic  acid  i3:ll.  A  suspension 
was  dropped  onto  a  glass  slide,  dried,  end  stained 
with  pre/iitered  5%  Giemsa  solution. 


FtC  1.  This  photograph  shows  proliferating  Fes  V- transformed  human  ceils.  \  supernatant  cell  *ua- 
penatoo  from  a  culture  at  PDL  IT  contaunnc  *J  to'HP,7o  iransfnrmetl  ceils  - n  harvested  b.  crntnfuga- 
ttoo  at  o5t>  ■  r  for  T  mm  and  the  ceil  pellet  oee  resuspended  and  seeded  in  MF.M  —  1"T.  K 8>  i  fiber 
ton  attached  ceils  remain  rounded  up  and  fkteune  in  the  medium.  <  T8. 
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Results 

Selection  of  pure  populations  of  FeSV-infected 
cells.  At  5  to  10  PDL  alter  selective  subculturing 
of  the  virus- infected  human  cells  was  started,  it 
became  impossible  to  distinguish  individual  foci 
in  the  culture  because  of  the  increased  number  of 
infected  cells  in  the  population.  Many  hyper- 
retractile,  round  FeSV-infected  ceils  were  released 
into  the  growth  medium.  Populations  of  1  to 
2  «  lit"  cells  ml  were  harvested  from  this 
"breeder"  culture.  Two  methods  of  harvesting 
these  free-floating  cells  resulted  in  the  selection  of 
two  cell  types.  Centrifugation  and  resuapension  in 
fresh  MEM  •+■  10%  FBS  gave  rise  to  ceils  that  at¬ 
tached  to  the  substratum  and  exhibited  a  variety 
of  cellular  morphologies  iFig.  1>.  Direct  transfer 
of  the  old  media  and  ceils  into  a  flask  produced  a 
seeding  suspension:  some  of  these  cells  attached  to 
the  substratum,  whereas  others  began  to  grow 
into  large  boluses  in  suspension:  they  varied  in 
site  and  contained  from  23  to  200  cells  'Fig.  21. 
Both  harvesting  methods  gave  rise  to  cultures 


containing  pleomorphic  cellular  and  colony 
morphology. 

Growth  characteristics  in  different  culture 
media.  We  have  tried  many  recipes  lor  media. 
Table  1  lists  their  ability  to  support  the  growth  of 
the  transformed  cells.  MEM-ilg*'  +■  10%  FBS, 
McCoy's  3A  +  10%  FBS.  and  McCoy's  5A  sup¬ 
plemented  with  o  eg  ml  spermidine  10%  FBS 
supported  ceil  growth  for  less  than  3  PDL. 
McCoy's  3A  -  3  ug  ml  uridine:  10%  FBS  sup¬ 
ported  growth  for  3  to  5  PD  L. 

FeSV-infected  cells  subpassaged  1:10  into 
EBM  LoCal  medium  plus  10%  FBS  proliferated 
for  0  PDL.  however,  further  subpassaging  re¬ 
sulted  in  cell  lysis.  Cultures  that  were  subpas¬ 
saged  on  MEM-HEPES  died  after42  to4p  PDL. 

Release  of  infectious  cirus.  The  supernatant 
solutions  were  individually  assaved  for  infectious 
virus  'see  Materials  and  Methodsi  after  20  PDL 
or  when  the  cells  ceased  proliferating  and  lysed. 

The  data  in  Table  2  indicate  that  only  MEM 
and  EBM  LoCal  supported  the  production  and 
release  of  infectious  virus.  There  were  330  times 


1  _  V  ell  suspense*!  recovered -.itivoul  .  emnjuaaliun  !r.uu  the  ..verlv  mg  xmc-th  medium  <1  f 

:  ran  stormed  vumen  lineim  -eils  I'Df  .r>  » ae  .reded  loerm  ju*>  j  dess  oithoui  ei>*emsmn«  me 
jr  .wth  media  lrn.lav-  aierjcllvnv.li.idinaooiuses.il  ells  were  .twercnl  -Ml 
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TABLE ! 

Gro«th  or  F«SV-TsA\»foRM£D  Cells  in 
Different  Gro*th  Media 


'ima*  Mgdaaflt 

POL 

1 

MEM  -  :s  m-Vf  HEPES 

46 

J. 

MEM  -  Mg  -Ca  ' 

<3 

3 

\fcCov  j  oA 

0 

4 

McCov  »  3A  mi  sperm  aim  e 

<; 

V 

McCov  *  3  A  —  3  tdf  mi  undine 

4 

0. 

EBM  LoCsl 

The  proliferative  characteristics  of  a  pure  FeSV* 
transformed  human  ceil  population  were  measured  as 
PDL  oo  different  types  of  growth  media,  Idther  sxperi- 
menta  on  other  populations  for  PDL  1  through  0.  not  re¬ 
ported  here,  supported  these  data.  In  moat  cases  the 
mean  PDL  did  not  exceed  one  sigma  SD  for  values  re¬ 
ported  here.  PDL  as  referenced  in  the  text  is:  l  serial 
-ubpaasage  at  1 :  —  split  ratio  at  d5%  absolute  plating  effi- 
ciencv.  '  hie  population  doubling  <PDLi  is  that  cell 
population  that  was  senails  passaged  1:4  at  confluencv. 
If  the  cells  were  senallv  passaged  at  1:1  they  had  pro¬ 
ceeded  through  PDL. 

more  focua  forming  unite  released  from  cells 
grown  on  MEM  than  from  cultures  grown  on 
LoCal.  This  suggests  that  virus  production  and 
release,  like  cell  proliferation,  is  dependent  on  the 
specific  cell  culture  medium  used.  Calcium  has 
also  been  shown  to  alter  virus-induced  cell  mor¬ 
phology  and  to  produce  biochemical  changes  in 
other  virus-cell  svstems  1  Io.Jdi.  Cell  populations 
grown  in  McCoy  s  oA-supplemented  growth  me¬ 
dium  died  after  a  short  tune.  There  was  no  release 
of  detectable  infectious  units. 

1  Growth  in  soft  agar,  single  cell  clones  were  ob¬ 
tained  bv  rnming  single  ceil  suspensions  io  agar  to 
rv  aluate  the  infected  cells  for  their  ability  to  grow 
>o  soft  agar.  F ree- floating  cells  were  seeded  at  1  to 
1  *  I'P  ceiis<  mi  into  soft  agar  after  lb  to  -U  PDL 
and  round  compact  colonies  observed  10  to  14 
lavs  later  containing  >0  to  100  celts,  bolus 
Fig.  it.  The  frequency  of  bolus  formation  was 
1.3  to  0  «  11V 

FOC.MA  expression  -in  EehT-i/tfecred  ceffs. 
Randomly  proliferating  cells  were  assayed  for  the 
presence  of  Fl  fCNLA  bv  indirect  immunofluores- 
enee  '.’be  Figure  4.  .4  it  a  light  micrograph  of 
several  infected  cells.  Figure  4.  B  illustrates  the 
fluorescent  pattern  of  FOOLA  on  the  same  cells. 
The  pattern  is  typicallv  patchy  We  observed  a 
•untiar  pattern  of  FOCMA  fluorescence  bv  FL-T4 
ells  grown  in  •Dinner  flasks  JOi  To  date,  all 
transformed  .-ells  treated  with  fluorescein  isothto- 
vanatr  tag  control  cat  serum  nave  been  negative 

'  irowth  •  f  FeSl  rrs/utormeo  human  -  ells  in 
iatu  mice  To  evaluate  the  neoplastic  potential  of 


these  FeSV-transiormed  proliferating  human 
cells.  0.5  to  1.1)  x  10’  cells  were  injected  into  nude 
mice.  Twenty-four  hours  later,  the  bleb  at  the 
injection  site  regressed.  .After  5  to  30  days,  pal¬ 
pable  nodules  were  evident.  They  increased  in  size 
to  0.3  to  1.4  cm  over  a  4-week  period  at  the  end  of 
which  the  nodules  were  excised  and  prepared  for 
histo  pathology. 

Histopethotogy  of  tumors  from  nude  mice. 
Histologically,  the  nodules  from  both  mice  were 
well  encapsulated,  sharply  demarcated  cellular 
masses  I  Fig.  Si.  The  neoplastic  ceils  were  ovoid  to 
spindle  shaped  and  contained  a  single  vesicuiated 
nucleus  usually  with  a  prominent  nucleolus.  The 
cytoplasmic  margins  were  frequently  indistinct 
and  some  cells  appeared  to  form  syncytia.  An  ap¬ 
plication  of  the  Massons  trichrome  stain  showed 
the  eosinophilic  fibrillar  intercellular  material  to 
be  collagen.  A  basophilic  < hematoxylin /  mucinlike 
intercellular  material  was  admixed  with  the  colla¬ 
gen  fibers  and  stained  with  Alcian  Blue.  This  re¬ 
vealed  the  presence  of  acid  mucopolysaccharides 


table; 


Measlrementof  Foots  Forming  Units 

IN  APPROPRIATE  VfovoUtER  Ct  LITRES 


•irowij*  NUdtuin 

ITu  or  flat** 

1.  MEM*  .’3  mil  HEPES 

l.d»  It)’  x  1.4x  10* 

L  MEM- Mg" -Cs-'* 

— 

3.  McCov  a  5 A® 

— 

4.  McCoy  s  5 A  —  5  ug'  ml 
spermidine0 

__ 

>.  McCov  »  SA  —  Suf'ml 
undine0 

o  EBM  LoCal 

5.5 « id*  =  1.1  *  id* 

*  Dashes  i  —  ►  mean  that  (fu  were  not  detected  when 
supernatant  solutions  were  assayed  oo  appropriate 
human  tnooolever  cultures  'I0'  1  morphologic  el  irans- 
formiuoni  after  the  cell  popuiauooe  ceased  to  proliferate 
and  ivsed  'Table  1 1. 

b  Cells  cultured  in  these  media  exhibited  limited  pro¬ 
liferative  capability  and  ceased  proliferating  prior  to  the 
i  inis  aseav  period. 

These  figures  show  the  rs-sults  of  a  focus-forming 
tseev  of  Fro  A -transformed  ceils  .-ultured  in  different 
growth  media.  NFS  cells  were  originally  infected  with  a 
I  J5st  dilution  of  FeiV  from  a  pool  with  a  tiler  of 
n  1  -  10*  ffxi  ml.  The  virtu  aseav  period  was  determined 
to  be  ai  least  fO  PDL  si  1:10  9plit  ratio*  after  virus  infer* 
:jo#i  for  reila  no  MEM-HEPES  medium.  Thia 

imp  penod  waa  selected  in  order  to  enaure  that  only  pure 
population*  of  v  true- iran*  formed  eeU*  were  aaaaved. 
F'x  u»*/ormiof  imu  TVcnr  flask  were  determined  for 
to  J.i>  *  l'1*  .-eUa  per  experiment.  Theae  data  repre¬ 
sent  the  resuite  for  n  of  4  for  MEM  at  PDL- JO  and  n  of  3 
for  LoCat  «  PDL  7.  Thev  are  presented  here  aa  mean 
value*  z  l  "cma  sD 
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Fig  3.  A  suspension  of- free-floating  viable  cells  in  the  overlying  growth  medium  from  a  FesV- 
transformed  culture  at  PIM--1-  waa  harvested  by  centrifugation  at  0.30  'g  for  "  min.  Ceil  populations 
at  1--  *  10*  cells/ mi  were  seeded  into  0.3%  soft  agar  containing  LoCal  growth  medium.  Ten  dav* 
after  seeding,  colonies  of  cells  were  observed.  *r»5. 

FiG.  4.  Proliferating  FoV-transformed  cells.  0.3- i.O  *  10*.  were  harvested  by  centrifugation  at 
f>50  *g  and  incubated  with  FOCM.A  antibody  reference  cat  serum,  obtained  from  an  animal  vvith  a  re- 
gresaing  sarcoma,  for  30  min.  Cells  were  washed  free  of  unbound  cat  globulins  with  three  consecutive 
rinses  of  Hanks'  balanced  salt  solution  and  incubated  with  a  l  :J0  dilution  of  goat  anticat  gammaglobu¬ 
lin  iSvtvania.  fnc..  Miibum.  NJf.  which  had  been  conjugated  to  fluorescein  isothiocyanata.  .4.  Light 
micrograph  of  FejV -transformed  cells:  8.  L’V- fluorescence  micrograph  of  the  same  field.  MT. 
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Coder  electron  microscopic  examination,  ceils  from  mice  were  both  found  to  contain  virusiilte 
in  culture  and  cells  from  the  nodules  removed  particles  I  Fig.  7). 
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Flo  >.  A  well-encapsulated  subcutaneous  nodule  in  an  ny.nu  mouse.  The  ceils  are  individual! v 
aligned  t  arrow  I  or  arranged  in  syncytial  sheet* si. 

FlO  0.  Electron  micrograph  of  ceil  from  subcutaneous  nodule  in  nuoti  mouse.  Tlie  intenuitium  con* 
rains  flooculent  electron-dense  material  i arrrmheAii)  and  numerous  fibrils  ■  arrow i  containing  the  char¬ 
acteristic  *>40- A  banding  of  collagen.  vltvHJO. 

FlO  7.  Virus  particles  i  arrows  I  buddina  from  cell  membrane  of  fibroblast  in  culture  prior  to  injection 
into  nu  ny  mouse.  <£1.400. 
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TABLE  3 

Mooauty  nr  Hi’ma.v  Chromosomes  of  Cells 
Prepvred  From  Tlmor  Cells 


PDL* 

Modri  No. 

Ran** 

10 

45 

43-47 

10 

43 

42-45 

5 

40 

43-47 

T 

40 

43-48 

6 

45 

44-46 

1  These  PDL  represent  proliferation  of  population  of 
FOCMA-posilive  ceils  seeded  from  the  tumor.  The 
range  represents  the  distribution  of  chromosomes  seen 
on  a  single  slide. 

The  data  presented  here  represent  our  attempt  to 
count  the  numbers  of  human  chromosomes  found  In  the 
ceils  that  produced  tumors  in  the  nude  mice.  The  tumors 
were  removed,  seeded  in  vitro,  and  at  subsequent  PDL. 
evaluated. 

Distribution  of  chromosome  number  in  tumor 
material.  Tumors  excised  from  nude  mice  were 
grown  in  vitro  as  described  previously.  In  no  case, 
of  the  metaphase  spreads  from  five  different 
tumors  evaluated,  was  there  significant  deviation 
from  the  diploid  number  of  chromosomes. 

Discussion 

Replication  of  FeLV-FeSV  in  human  ceils  and 
subsequent  focus  formation  were  demonstrated  in 
this  study,  confirming  previous  reports  ‘9,10,13. 
26-291.  The  data  obtained  in  this  study,  however, 
suggest  that  focus  formation  li.e..  morphological 
transformation!  1 2 1  represents  only  a  transitional 
stage  in  the  neoplastic  transformation  process.  It 
is  interesting  to  note  that  Azokar  and  Essex  ‘171 
did  not  observe  morphologically  transformed 
cells  when  WI-38  were  infected  with  FeSV.  How¬ 
ever.  if  we  add  Fungizone  or  penicillin  and 
streptomycin  to  the  cultures  much  in  the  same 
manner  they  did.  no  foci  were  observed.  This 
study  showed  that  the  separation  of  morphologi¬ 
cally  transformed  from  nontransformed  normal 
ceils  and  growth  as  well  as  passage  in  soft  agar 
were  prerequisites  for  the  demonstration  of  neo¬ 
plastic  properties  by  the  transformed  cells.  The 
separation  was  accomplished  by  culturing  and 
passaging  the  cells  in  a  low-calcium  supplement 
growth  medium  for  2  PDL  to  3  PDL  in  MEM- 
HEPES  EBM-LoCal  medium.  The  resultant 
transformed  cell  populations  grew  in  suspension, 
whereas  populations  that  contained  normal- 
appearing  cells  did  not.  Selective  culturing  in  sus¬ 
pension  of  these  cells  in  EBM-LoCal  medium  fol¬ 
lowed  by  subculturing  in  MEM  3  PDL  later  re¬ 


sulted  in  the  cells  reattaching  to  the  substratum. 
It  was  necessary  to  serially  subpassage  these  ceils 
for  an  additional  16  to  20  PDL  In  1  *  MEM- 
HEPES  growth  medium  before  they  would  grow 
in  soft  agar.  The  morphologically  transformed 
ceils,  when  passaged  through  soft  agar,  formed 
colonies  of  50  to  100  cells  /  bolus  at  a  frequency  of 
2.5  to  5  *  10"*/25  cm'.  These  cells,  isolated  from 
soft  agar  and  grown  in  a  selective  medium,  were 
injected  into  6-week-old  nude  mice  to  evaluate  the 
oncogenic  potential.  Nutritional  requirements 
and  time  in  culture  appear  to  determine  growth 
and  expression  of  the  neopiasticallv  transformed 
cells.  Selective  nutritional  requirements  have  also 
been  shown  for  other  FeSV-transformed  cell  sys¬ 
tems  such  as  transformed  feline  producer  cells, 
which  grow  optimally  on  McCoy's  5A  i22l:  or  Ad- 
12-transformed  hamster  cells,  which  require  a 
low-Ca"  growth  medium  121).  The  transformed 
human  cells  that  also  grew  on  EBM-LoCaJ  me¬ 
dium  did  not  grow  on  MEM  minus  Mg"  -  Ca". 

Tumors  produced  in  the  nude  mice  i0.8  to 
1 . 4  cm  in  size  1 1  vere  found  to  contain  collagen  and 
were  interpret*  I  histopathoiogically  to  be 
fibromas,  not  fibrosarcomas  l25).  Removal  of  the 
tumor  was  followed  by  growth  of  the  cells  in  cul¬ 
ture:  subsequent  karyological  examination  indi¬ 
cated  that  the  tumor  cells  were  of  human  oritpn. 
Examination  of  electron  micrographs  of  excised 
tumors  and  proliferating  cells  from  in  vitro 
populations  of  morphologically  transformed  cells, 
and  examination  of  ceils  passaged  through  agar, 
revealed  that  both  types  of  cella  were  shedding 
virus  particles.  Assay  of  the  morphologically 
transformed  cell  populations  1 30 f  before  and  after 
growth  in  soft  agar  revealed  that  FOCMA  was 
present  at  both  stages  in  the  transformation  se¬ 
quence.  These  results  suggest  that  FOCMA  ex¬ 
pression  is  associated  with  the  early  events  in  the 
transformation  process.  There  appears  to  be  a 
program  or  staging  process  that  must  occur  in 
FeVL,  FeSV-transformed  human  cells  before 
they  will  produce  tumors  when  injected  into  a 
suitable  host.  The  results  reported  here  appear  to 
be  similar  to  the  multistage  process  of  chemi¬ 
cal  carcinogen-induced  transformation  <251. 
FOCMA  and  virus  expression  appear  to  be  associ¬ 
ated  with  early  stages  of  morphological  trans¬ 
formation.  whereas  growth  in  soft  agar  is  associ¬ 
ated  with  a  later  transitional  stage.  A  high  cor¬ 
relation  exists  between  growth  in  soft  agar  and 
tumor  formation.  It  was  noted  that  although 
virus- infected  cells  would  not  produce  tumors 
prior  to  their  growth  in  soft  agar,  after  they  were 
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passaged  through  the  soft  agar  they  would  pro¬ 
duce  tumors.  Again,  this  suggests  that  growth  in 
agar  acted  as  a  selection  process  to  permit  the  pro¬ 
liferation  of  cells  that  can  produce  tumors  when 
inoculated  into  a  suitable  host.  Therefore,  we 
have  shown  that  FeSV  neo plastically  transformed 
cells  are  capable  of  producing  tumors  in  nude 
mice. 

The  release  of  the  infectious  virus  from  human 
cells  that  form  tumors  or  grow  in  soft  agar  raises 
the  question  of  possible  horizontal  transmission. 
FeLV  and  FeLV/FeSV  have  been  shown  to  be 
horizontally  transmissible  among  cats  *301.  and 
FeLV,  under  laboratory  conditions,  was  hori¬ 
zontally  transmissible  to  dogs  4  IS).  A  serological 
survey  indicated  that  no  antibody  to  FeLV  oc¬ 
curred  in  hundreds  of  individuals  exposed  to 
viremic  cats  (12,31).  However,  Jacquemin  et  al. 
(32)  reported  that  purified  human  IgO  from  pa¬ 
tients  with  chronic  myelogenous  leukemia  specifi¬ 
cally  neutralized  reverse  transcriptase  isolated 
from  FeLV. 
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SUMMARY 

Human  foreskin  cell  cultures  in  scheduled  DN  A  synthesis  ( S  phase)  of  the 
cell  cycle  were  exposed  to  UV  irradiation  at  a  dose  of  10  J-  m*'  in  the 
presence  of  insulin.  These  treated  cell  populations,  when  selectively  passaged 
in  a  high  amino  acid  supplemented  complete  growth  medium  (CM)  after 
20  Dulbecco’s  phosphate  buffered  saline  (pH  6.8)  (PDL),  were  able  to  be 
grown  in  soft  agar.  These  treated  cell  populations  were  also  grown  in  1% 
serum  supplemented  growth  medium  and  at  41<’C  in  10%  serum  supple¬ 
mented  growth  medium.  Cell  populations  4—5  PDL  after  treatment  exhibited 
altered  colony  morphology  and  altered  lectin  agglutination  profiles  but 
would  not  grow  in  soft  agar.  These  events  appeared  to  be  associated  with  the 
early  stages  in  the  expression  phase  of  the  transformed  phenotype.  After 
20  PDL,  we  observed  that  these  cells  would  grow  in  soft  agar  at  a  frequency 
of  20  colonies/105  cells  seeded  in  soft  agar.  The  cell  populations  derived 
from  these  colonies,  when  propagated  and  injected  into  the  nude  mice, 
formed  myxofibromas  at  the  injection  sites  rather  than  the  type  of  tumor 
(fibrosarcoma)  previously  described  for  chemical  carcinogen-induced  neo¬ 
plasms. 


‘Supported  in  part  by  grants  NIH-NCI-ROI-CA-25907,  Air  Force  Scientific  Research 
F47620-C-0110  and  EPA  grant  R-80-66  38. 

Abbreviations:  CM,  complete  growth  medium;  FBS,  fetal  bovine  serum;  MEM.  minimum 
essential  medium;  NFS,  neonatal  foreskins;  PDL,  Dulbecco’s  phosphate  buffered  saline 
(pH  6.8);  RCE,  relative  colony-forming  efficiency;  S  phase,  scheduled  DNA  synthesis. 


INTRODUCTION 


Carcinogen-induced  transformation  of  human  cells  in  vitro  by  chemicals 
or  irradiation  has  been  difficult.  Recently,  however,  neoplastic  transforma¬ 
tion  of  human  cells  by  chemicals  [1]  and  viruses  [2]  has  been  achieved. 
In  addition,  Sutherland  [3],  using  UV  treatment  of  human  cells,  damaged 
the  DNA  and  transformed  the  cell  populations  to  an  anchorage  independent 
state  of  growth.  Multiple  treatments  at  subtoxic  doses  of  UV  were  necessary 
to  damage  the  DNA  and  induce  transformation.  Other  studies  with 
refractory  human  cells  have  indicated  that  carcinogens  can  induce  un¬ 
scheduled  DNA  synthesis  [4]  or  repair  synthesis  [5],  However,  these 
reports  do  not  attempt  to  correlate  damage  to  DNA  with  expression  of 
carcn.ogenesis.  Instead,  Heflich  [6]  correlated  removal  of  chemical  carcino¬ 
gen  and  induced  damage  to  DNA  with  cytotoxicity.  We  have  expanded  on 
our  preliminary  report  of  UV-induced  neoplastic  transformation  of  human 
cells  [7]  and  present  data  on  the  reproducibility  of  the  process.  We  also 
present  data  on  the  interrelationship  between  anchorage-independent  growth 
and  tumor  growth  as  the  normal  cells  pass  through  a  retro-differentia  ted 
sequence  from  induction  to  neoplasia. 

MATERIALS  AND  METHODS 

In  order  to  have  observed  reproducible  transformation  of  human  cells 
exposed  to  UV,  it  was  necessary,  first,  to  use  low  passaged  cell  populations 
(PDL  1—5)  and,  second,  to  complete  a  cell  survival  curve  prior  to  the 
selection  of  an  appropriate  treatment  dose. 

Cell  cultures 

Primary  cell  cultures  were  obtained  from  neonatal  foreskins  (NFS)  as 
previously  described  [8].  They  were  maintained  on  CM,  viz.,  minimum 
essential  medium  (MEM):  25  mM  Hepes,  Gibco,  Grand  Island,  New  York) 
at  pH  7.2,  supplemented  with  10%  fetal  bovine  serum  (FBS),  (Rehatuin, 
Kankakee,  IL),  1  mM  sodium  pyruvate,  2  mM  glutamine,  0.2%  sodium 
bicarbonate  and  50  pg/ml  gentomycin,  in  an  atmosphere  of  4.0%  CO?- 
enriched  air  at  37*0. 

Survival  studies  of  irradiated  cells 

Immediately  after  UV  treatment  or  40  h  later,  cell  survival  was  measured 
by  either  dye  exclusion  [9],  colony-forming  ability  [10]  or  incorporation 
of  [3H]thymidine  into  cellular  DNA  [9].  After  seeding,  cultures  were 
irradiated  with  a  15  W  Germicidal  Electric  lamp  (15GT8)  at  a  fluence  rate 
of  1.2  J  •  m'J  •  sec"1.  The  fluence  rate  was  measured  by  a  Blak-Ray  UV 
meter  (UV  Products,  International,  San  Gabriel,  CA).  To  measure  colony 
forming  capability  of  the  treated  cell  population,  one  thousand  cells  were 
seeded  in  25  cm2  wells  (Falcon  Plastics,  Oxnard,  CA)  and  fed  with  CM 
supplemented  with  20%  FBS.  These  cultures  were  incubated  at  37°C  in  a 
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4 %  COj-enriched  air  atmosphere  for  9  days,  fixed  in  phosphate-3%  formalin 
stained  with  hematoxylin-eoain  and  enumerated  under  23X.  If  the  effect  of 
the  treatment  on  cell  survival  was  to  be  measured  by  dye  exclusion,  approx. 
5000  ceils  *  cm'1  in  a  25-cm2  dish  were  trypsinized  at  the  conclusion  of  the 
UV  treatment  and  counted  in  a  hemocytometer  [9].  Inhibition  of  the 
incorporation  of  CHj-pHJ thymidine  (S.A.  54.0  Ci/mmol)  into  the  DNA  of 
UV-treated  cells  was  measured  by  sampling  the  cell  population  from  0—48  h 
following  initiation  of  UV  treatment  [8].  At  li  intervals,  3  coverslip 
cultures  were  removed,  fixed  in  3  :  1  methanol/acetic  acid  solution,  acid 
washed  in  1.0  N  HC1  and  air  dried.  Two  coverslips  were  transferred  to 
scintillation  vials  and  incubated  overnight  with  0.5  ml  of  NCS  tissue 
solubilizer,  then  neutralized  with  1  N  NaOH.  Insta-Gel  (10  ml)  (Beechman 
Inst.,  Palo  Alto,  CA)  was  added  to  each  vial  and  the  radioactivity  counted  in 
a  Beckman  scintillation  counter. 

Induction 

The  scheme  of  induction  and  selection  of  the  transformed  cells  will  be 
presented  along  with  the  chronology  of  the  events  as  they  occurred  (Fig.  ij. 

An  irradiation  dose  permitting  50%  of  the  cells  to  survive  was  optimal 
for  the  formation  of  transformants  in  each  ceil  population  studied  [1], 
Preconfluent,  logarithmically  growing  cultures  at  low  (3—8)  PDL  were 
synchronized  by  placing  them  at  a  density  of  5000  cells  •  cm'1  into 
Dulbecco’s  Modified  Eagle’s  Medium  (Biolabs,  Northbrook,  IL)  at  pH  7.2, 
supplemented  with  10%  dialyzed  FBS  but  lacking  arginine  and  glutamine. 
After  24  h,  the  amino  acid  deficient  medium  was  replaced  with  CM 
containing  0.5  U/rnl  of  insulin.  Then  hours  later,  when  the  cell  population 
was  entering  S  phase  of  the  ce’u  cycle  [1],  the  growth  medium  was  removed, 
the  cultures  were  washed  twice  with  PDL,  irradiated  with  5.0  J  •  m"1  of  UV 
and  refed  with  CM  containing  0.5  U/ml  insulin.  Upon  completion  of  the 
treatment,  the  cells  were  allowed  to  proceed  through  S  phase,  which 
required  8.2  h,  and  one  mitosis.  They  were  then  split  1  :  2,  then  1  :  10, 
into  MEM  supplemented  with  10%  FBS  plus  8X  non-essential  amino  acids 
(Microbiological  Assoc.,  Rockville,  MD)  (8X  growth  medium).  The  8X 
growth  medium  inhibited  growth  of  cells  that  exhibited  a  normal  pheno- 
type  [1]  while  allowing  proliferation  of  treated-altered  cells. 

The  treated  cell  population  at  this  time  was  identified  as  entering  the 
early  stage  of  the  carcinogenesis  process.  During  this  stage  of  expression 
it  is  imperative  that  no  part  of  culture  remain  in  a  saturation  density 
growth  state  for  more  than  16  h  prior  to  passaging  the  culture. 

Early 

Growth  of  cells  at  41aC  and  in  medium  with  reduced  serum  concentration. 
Cell  populations,  following  treatment  with  UV,  were  seeded  (5000  cm'1)  in 
CM  and  serially  passaged  at  1  :  4  on  a  4-day  schedule  and  maintained  at 
41°C  in  a  4%  COj-enriched  air  environment.  Cell  populations  from  com¬ 
panion  cultures  were  seeded  at  5000  cells  •  cm'1  in  CM  supplemented  with 
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Fig.  1.  The  scheme  followed  here  is  a  graphic  representation  of  the  sequence  originating 
with  the  induction  (treatment  in  early  S)  through  tumor  formation.  Each  critical  stage 
is  represented  by  the  PDL  (population  doubling)  reached  at  each  stage  of  the  process. 
Transition  from  colony  formation  is  soft  agar  prior  to  growth  in  the  nude  mouse  was 
achieved  following  isolation  and  seeding  of  colonies  in  75  cm1  flasks  to  produce  5  x  10* 
cells  of  inoculum  for  each  mouse. 


1%  FBS  and  maintained  also  in  a  4%  COj-enriched  air  environment  at  37”C. 

Lectin  agglutination.  Treated  and  controlled  populations  at  a  70—90% 
confluent  density  of  proliferating  cells  were  removed  from  the  substratum 
of  the  flask  by  the  action  of  0.05%  trypsin  [8].  Following  centrifugation 
at  650  Xg,  the  pellet  was  resuspended  in  PBS  (pH  6.8)  and  recentrifuged 
twice.  The  final  cell  suspension  was  left  on  wet  ice  at  a  cell  density  of 
10*  cells’  ml'1.  Wheat  germ  aggiutinin  prepared  in  PBS  was  added  to  the 
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wells  of  microtiter  plates  (0.025  ml).  To  this,  0.025  ml  of  a  suspension 
of  180  000  cells  in  PBS  was  added  to  each  well  and  incubated  at  21°C  for 
10  min.  The  wells  were  then  examined  immediately. 

Altered  colony  formation.  Fibroblast  cultures  were  breated  as  described 
in  the  induction  protocol.  Four  PDL,  following  irradiation  of  the  treated 
cells,  were  seeded  into  60- mm  diameter  wells  at  a  1000  cells/well  into 
8X  growth  medium.  After  incubation  ar  37°C  in  a  4%  COj  humidified 
enriched  air  atmosphere  tor  9  days,  the  cells  were  fixed  with  3%  PBS 
buffered  formalin  (pH  7.2),  stained  with  hematoxylin  and  examined  for 
colonies  with  abnormal  colony  morphology.  The  abnormal  colonies  were 
comprised  of  polygonal-small  ceils  that  overlapped  into  a  criss-cross 
disoriented  growth  pattern.  This  growth  pattern  was  in  contrast  to  the 
normal  large  fusiform  shaped  fibroblasts  growing  in  a  parallel-whoriing 
orientation. 

Transitional 

Soft  agar.  After  serial  passage  of  the  UV-treated  cells  for  20  PDL  in 
8X  amino  acid  supplemented  CM,  50  000  ceils  were  seeded  in  2  ml  of 
0.33%  agar  supplemented  with  modified  Dulbecco’c  Lo-Cal  medium 
(Biolabs,  Northbrook,  IL).  These  cells  were  then  overlaid  on  a  2  ml 
2%  agar  base  supplemented  with  RPMI  1629  growth  medium  enriched 
with  20%  FBS.  Colonies  formed  after  14—17  days  of  incubation  in  a 
4%  COj-enriched  air  environment  at  37°C  [1J.  These  cultures  were  refed 
every  7  days  with  0.5  ml  of  Lo-Cal  medium-supplemented  agar.  Since  a 
close  correlation  has  been  shown  between  the  growth  of  chemically 
transformed  human  cells  in  soft  agar  and  their  neoplastic  potential  [1], 
growth  of  the  UV-treated  cells  in  6-week-old  male  athymic  nu/nu  mice 
from  a  BABL/c  background  (Sprague— Dawley,  Madison,  WI)  were 
chosen  as  a  suitable  assay  system  to  determine  the  neoplastic  potential 
of  the  culture  derived  from  UV-treated  ceils. 

Late 

Growth  in  nude  mouse.  Cells  were  harvested  by  trypsinization  and 
resuspended  in  Dulbecco’s  EMB  LoCal  (Biolabs,  Northbrook,  IL), 
supplemented  with  20%  FBS  and  IX  essential  amino  acids  and  0.35% 
agar.  Six-week-old  nude  mice,  which  have  been  irradiated  3—4  days 
previously  with  450  rad  137Cs-rays,  were  injected  subcutaneously  with  a 
cell  mass  of  0.5  X  107  UV-treated  cells.  Nodules  became  evident  at  the 
site  of  inoculation  14—21  days  following  injection  and  continued 
increasing  in  size  up  to  4—6  weeks.  The  blebs  formed  at  the  injection 
site  regressed  in  48—72  h.  The  tumors  were  excised  between  4  and  6 
weeks  and  submitted  for  histopathological  examination. 

RESULTS 

Toxic  response 

In  the  early  stages  of  our  experiments  following  the  treatment  with  UV, 


we  measured  the  toxic  effect  the  treatment  had  on  the  UV -insulin  treated 
cells  by  counting  the  total  number  of  viable  cells  at  12  h  (Fig.  2)  after 
initiating  the  UV  treatment  or  at  40  h  after  initiating  treatment  (Fig.  3). 
In  addition,  recovery  of  cell  division  from  the  toxic  effects  of  irradiation, 
monitored  by  [sH]thymidine  incorporation  into  DNA  and  by  cell  counts, 
began  at  44—48  h  following  the  completion  of  the  treatment.  The  response 
patterns  of  irradiated  cultures  previously  not  exposed  to  insulin  exhibited 
a  typical  shoulder  on  the  survival  curve  followed  by  a  logarithmic  decline 
at  doses  greater  than  10  J  •  m"J.  However,  cell  cultures  pretreated  with 
05  U/ml  insulin  and  then  irradiated  lacked  a  shoulder  at  10  J  •  m"2  and 
were  biphasic  in  response  at  higher  doses  of  UV.  The  toxic  effect  of 
increasing  UV  doses  was  measured  more  sensitively  by  relative  cloning 
efficiency  (RCE)  than  by  the  trypan  blue  dye  exclusion  technique;  it  took 
roughly  a  10-fold  higher  dose  to  demonstrate  a  measured  effect  (Fig.  2) 
by  dye  exclusion  than  by  inhibition  of  colony  formation  (Fig.  3).  The 
slopes  of  each  of  the  survival  curves  were  similar  (Figs.  2  and  3).  The  dose- 
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Fig.  2.  Low  PDL  of  NFS  cells  were  seeded  at  5000  cells  •  cm'’  into  60  mm  diameter, 
4-well  plastic  petri  dishes  and  synchronized  by  amino  acid  deprivation.  Following  UV 
irradiation  at  a  fluenca  rata  of  1.2  i  •  m'J  <  sec'1,  the  plates  were  incubated  at  3TC  in 
a  4%  CO,  humidified  air  stmoapbaie.  At  this  time  ceil  suspensions  were  prepared  by 
trypaaization  and  counted  by  trypan  blua  dye  exclusion  in  a  hemocytometer.  The  cloeed 
circles  represent  the  irradiated  cultures  not  exposed  to  insulin  and  tbe  closed  squares 
represent  the  irradiated  cultures  treatad  with  0.5  U/ml  of  insulin.  Data  points  ire  the 
mean  valuta  for  an  n  of  8. 
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Fig.  3.  Cell*  were  seeded  at  5000-cm'1  into  a  60  mm  diameter  4-well  plaitic  petri  dish 
containing  Dulbecco's  Modified  Eagle's  Medium  supplemented  with  dialyzed  FBS,  minus 
arginine  and  glutamine  (pH  7.2).  These  cells  were  released  from  the  block  (see  text)  and 
treated  during  the  S  phase  with  UV.  Once  the  treated  ceils  had  completed  S  (8.2  h)  they 
were  seeded  at  a  concentration  of  20C  cells/25  cm‘  well  and  cloned  [3]  for  11  days. 
The  control  (untreated)  cultures  exhibited  18—24%  cloning  efficiencies;  results  are 
reported  as  a  percentage  of  control  values.  The  circles  (o  — «)  represent  ceils  treated 
with  UV.  The  squares  (□——•)  represent  cells  treated  with  UV  and  0.5  U  of  insulin. 
The  open  circles  and  squares  represent  time  points  12  h  posttreatment  at  the  conclusion 
of  the  S  +  G,  +  M  part  of  the  ceil  cycle,  while  the  closed  circlet  and  squares  represent 
time  points  coincident  with  the  time  points  used  for  the  trypan  blue  experiments  ( Fig.  1). 
Each  point  represents  data  from  10  different  wells. 
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response  profile*  of  cultures  not  treated  witr.  .muur.  were  surma/  u,  : now 
reported  oy  Lenmar,  et  at  III'  oc  Maner  «t  ti  ,12,  for  numar.  sau, 
fibroblast*  We  noaced  that  wner.  mtuiin- treated  cell*  were  irradiated  at 
5  J  ■  ro  '  1  Fig  3 1  in  s  pnaae  there  wax  an  increaaed  survival  rate  of  up  u 
120*  over  the  irradiated  trwulin-free  culture* 

Synchronized  ceil  populations  that  were  .not  treated  with  eitner  :n*uun 
or  irradiated  with.  !.'Y  exhioitea  an  1W  RCL  ftanaumn  proliferating  e; 
populations  treated  witr  insuiin-l'Y  or  1  aione  or  svnmronizec  <-eus 
treated  with  L'Y  aione,  exhibited  a  snouider  at  10  J  :n  Fig  3i  lniuur. 
treatment  appeared  to  increase  senamzauon  of  symnronizeo  :en  populations 
to  L’Y  treatment  at  10  J  m  up  to  20  J  m  ■  The  maulin  ' A  treated 
culture*  it  20  J  u  exruniled  a  RCF.  if  3%.  ompareo  tc  6D  for  cells 
not  treated  with  insulin 

Gnouffl  cnaractensties  o’  l' V -treated  cells  seiechi  e  process 

After  10—15  PDL  ir.  the  S>  growtn  medium,  the  irradiated  culture* 
l  10  J  •  m  appeared  pieomorphic  and  contained  mure  man  95*  smai. 
polvgonal  cells  Many  of  these  ceils  were  multinucieateo  and  Jiaplavec 
multiple  processes  as  seer,  ny  Contrast  Interference  Nomarski  microscopy 
Cells  passaged  from  these  cultures  proliferated  to  saturation  densities  >' 
4—6  x  10*  cells  75  cm:  flasK  in  6*  growth  medium,  whereas  untreated  NTs 
cells  only  reacned  1.2—1  5  •  10'  ceils  75  cnr  flask  Treated  ceils  5  *- 
13.0  J  ■  m  ;i  exhibited  a  loss  of  contact  inniDitior..  a  tendency  to  pile  ap 
in  cuiture  and  a  pattern  of  irregular  crus-cross  growth  TaDle  Ills  None 
of  these  altered  characteristics  were  observed  ;n  control  cultures  These 
cell  populations  were  capable  of  subpassage  to  120  PDL  wnile  the  controls 
phased  out  after  passage  to  40 1  5  PDL  Cell  populations  treated  at  a 
subtoxic  dose  of  1.2  J  •  m  ;  exhibited  no  abnormal  coiony  morphology 

To  examine  the  cultures  for  growth  at  elevated  temperatures,  populations 
were  subpassaged  1  4  and  incubatec  at  37“C  m  a  humidified  4D  CO; 

atmosphere  to  allow  cell  attachment  to  the  substratum  The  temperature 
was  then  raised  to  41°C.  As  early  as  10  PDL  after  irradiation,  cell  culture* 
derived  from  L'V-created  populations  actively  proliferated  at  41C  for  "2  n 
at  which  time  they  were  60— 70*7  confluent  Control  cells  detacneo  from  tne 
surface  in  less  than  24  h 

Growth  in  reduced  serum 

Many  transformed  mammalian  cells  have  been  reported  to  grow  m 
reduced  serum  concentrations  (13—15)  We  examined  our  control  and 
L'V-treated  human  cell  populations  for  this  characteristic  after  10  PDL  ny 
subpassing  them  into  MEM  supplemented  with  1*  FBS  Table  1  represents 
the  growth  characteristics  of  these  cultures  at  reduced  serum  levels  Control 
NFS  cells  ceased  proliferating  after  5  PDL  After  an  initially  slow  growth 
rate,  the  L'V-treated  cultures  appeared  to  adjust  to  the  low  serum  concern 
tration,  as  shown  by  the  reduction  m  time  needed  to  attain  confluenct 
They  continued  to  replicate  at  least  through  17  PDL  in  ID  FBS  then  wore 
transferred  back  to  MEM  t  10*  FBS 
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JROWTH  >F  CONTROL  NFS>  AND  LA  TRANSFORMED  HLALAN  CELLS  AT 
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\iter  at  fast  1"  PDL  .r.  •  growth  medium.  control  and  L’V  treated  cells 

were  tested  for  igglutuiaodit’.  ny  exposure  to  varying  concentrations  of 
wheat  germ  .ecttr.  '.treated  eils  were  agglutinated  by  73  „ig.  ml  of  lectin, 
whereas  ontroi  uitures  if  NFS  ells  required  2500  u g  mi.  more  than  30*  as 
Tiucr  16  |  is  the  '.  %  treated  -eds 

i  -  nomui  ouir.  'or^iation  jr\j  p-nixth  ,r\  ioft  agar 
Tra-jt  irmed  eils  require  growth  ji  culture  before  they  will  grow  in  soft 
igar  '•  treated  eil  populations  were  serially  passaged  prior  *o  seeding  m 
>oft  agar  "Sis  was  ji  ontrasi  to  senaiiy  pas*.-wd  chemical  carcinogen 
treated  em  16—20  PDL  When  l  \  treated  ceils  were  serially  passaged 
•nrougn  )  ,15c  soft  agar  the  average  colony  frequency  was  20  colonies/ 10J 
■eeded  fils  None  it  the  intxeated  ceils  would  grow  in  soft  agar. 
Vcanonailv  we  -oservea  smaii  colonies  if  2—6  ceils  in  sue,  but  they  would 
■l  it  irodu«  e  -monies  V'  eils  or  arger  and  were  not  viable  when  isolated 
fr  m  »oft  agar  alter  i  14-lav  ncubation  period  in  soft  agar  (Table  II).  Of 
2"  tifferen:  sutures  Tested  with  i'V.,4(llI1  irradiation,  we  transformed 

.  -  t  Tiem  nonv  formation  .n  soft  agar  was  a  measurement  of  txansforma- 
t.on  76m  ojier  2  were  retractor.-  to  the  treatment.  We  therefore  examined 
■tie  uitures  'or  .anations  n  response  'o  '  V  irradiated  as  a  function  of  their 
jcH.ir.  -\n.tnt  in' norage  .noependent  growth.  We  correlated  this  para- 
-ne'er  wit.-  the  treduemv  ■>f  ao normal  oiony  formation  and  found  that 
!  t.  mdu.  ed  Tie  formation  m  a  higher  proportion  if  coiorues  itran- 
i,:.nna,  -ranst  -man! .  ■  gr1  w  n  ioft  agar  t nan  10  J  •  m':.  while  10  J  •  m'J 
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TABLE  D 

FREQUENCY  OF  COLONY  GROWTH  IN  0.33%  AGAR  OVERLAY  OVER  A  2.0% 
AGAR  base 

The  data  presented  here  it  an  average  value  for  colony  formation  for  8  well*.  Each  well 
was  seeded  with  50  000  cells  at  PDL  20  into  0.33%  agar  over  a  2.0%  agar  base.  The 
colonies  were  counted  after  21  days  and  the  frequency  of  colony  growth  normalized  to 
100  000  cells  per  well. 


j. 


Exp.  No 

PDL 

Growth  in  soft  agar 

1 

20 

20.0 

2 

20 

15.0 

3 

20 

25.1 

induced  the  formation  of  a  higher  percentage  of  abnormal  colonies 
(Table  III).  Cultures  treated  at  a  subtoxic  dose  of  1.2  J  •  m~:  exhibited  no 
abnormal  colony  morphology  and  the  treated  cells  would  not  grow  in  soft 
agar. 

Tumor  formation 

The  nodules  which  developed  at  the  injection  site  in  nude  mice  grew  to  be 
0.6—1.05  cm  in  diameter  and  were  well-encapsulated  by  mouse  fibroblasts 
(Fig.  4).  Removal  of  the  tumors  followed  by  kart' o logical  examination  [1] 
confirmed  that  they  were  of  human  origin.  The  centers  of  the  nodules 
were  necrotic  with  dense  infiltration  of  neutrophils  and  occasionally 
contained  areas  with  extensive  cholesterol  cleft  formation.  Blood  vessels 

table  III 

COMPARISON  OF  TOXIC  EFFECT  OF  UV,,.PJn  IRRADIATION  WITH  FREQUENCY 
OF  ABNORMAL  COLONY'  FORMATION  AND  -ANCHORAGE  INDEPENDENT 
GROWTH 


UV  (J  .  m  '’)* 

%  Inhibition  of 
colony  formation 

Abnormal  coJonvb 
morphology  10’  cells 

Grow0 
in  spec,  ac* 

1.2 

0.0 

0.0 

0.0 

5.0 

0.25 

2.1 

10"'* 

10.0 

0.50 

3.5 

J0-1-1 

13.0 

0.60 

0.5 

10-' 

13.5 

0.65 

0.5 

0.0 

16.0 

0.96 

0.0 

0.0 

*  The  above  exposures  were  administered  at  1.2  J  ■  ro  ’  •  sec  1 

s  After  exposure  to  UV  at  the  conclusion  of  S  the  cells  were  seeded  at  10’  cel)s/25  cm  •' 
well  and  cloned  [9].  At  the  end  of  9  days  they  were  fixed,  stained  and  enumerated 
c  After  20  PDL.  50  000  ceils  were  seeded  in  2  ml  of  0.33%  agar  The  cultures  were  refed 
once  a  week  for  t7  days.  At  that  time  the  colonies  were  counted  and  the  frequency  of 
colony  growth  in  soft  agar  reported  as  the  number  of  colonies  containing  50  or  more 
cella.  10'  cells  seeded 
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were  present  within  the  nodules.  The  nodules  were  compatible  with  a 
benign  proliferation  of  exogenous  cells  and  could  be  described  as  myxo¬ 
fibroma-like. 

Of  6  mice  innoculated  with  the  same  inoculum,  4  developed  tumors. 
After  4—6  weeks  of  nodule  growth,  the  animals  were  sacrificed  by  cervical 
dislocation  and  the  nodules  removed  for  histopathology.  These  experiments 
/ere  repeated  4X  with  frequencies  of  tumor  formation  of  4/6,  3/6,  5/6  and 
J/6.  They  were  fixed  in  10%  formalin,  embedded,  sectioned  and  stained  with 
hematoxylin  and  eosin.  To  date,  similar  results  have  been  obtained  in 
8  successive  attempts  while  200  irradiated  untreated  non-inoculated  animals 
have  not  formed  tumors.  Fifty  mice  received  a  cell  pack  of  5  X  10®  cells  from 
5  different  lines  and  from  5  different  tissues.  In  all  the  mice  the  bleb 
regressed  within  72  h  and  the  mice  died  1—1.5  years  later  of  natural  causes. 
At  autopsy  there  was  no  evidence  of  tumor  at  the  site  of  injection  of  the  cell 
pack. 

DISCUSSION 

Several  parameters  of  putative  changes  in  human  foreskin  cell  populations 
during  passage  from  the  early  stages  of  the  transformation  process  to  the  late 
stages  (growth  in  nude  mice)  were  evaluated.  Characteristics  associated  with 
UV-irradiated  cell  populations  as  early  as  PDL  5  and  after  discontinuation  of 
the  carcinogen  treatment  were  altered  colony  morphology  [1],  altered 
saturation  density  [1]  growth  at  41°C  and  growth  in  1%  FBS-supplemented 
growth  medium.  Altered  colony  morphology  was  observed  within  3  PDL 
after  discontinued  treatment.  Immediately  after  uhe  completion  of  S  (8.2  h 
in  length)  the  cells  were  split  1  :  10  and  part  of  the  treated  cell  population 
was  cloned  at  1000  cells  ■  cm"2.  We  observed  colonies  in  the  flasks  or  wells 
that  exhibited  a  loss  of  contact  inhibition  and  a  cnss-cross,  disoriented  piling 
up  of  the  cells.  These  populations,  when  isolated  from  the  rest  of  the 
colonies  in  the  culture,  gave  rise  to  ceil  populations  that  exhibited  abnormal 
morphology  and  an  absence  of  the  long  parallel  wholing  growth  patterns  in 
normal  untreated  cultures.  It  was  from  these  abnormal  colonies  that  the 
transformed  cell  types  (exhibit  anchorage  independent  growth)  arose.  We 
observed  2—4  per  25-cm'2  well.  In  8  treated  wells  we  found  2  abnormal 
colonies  that  would  grow  in  soft  agar.  Individual  abnormal  colonies  also 
have  to  be  serially  passaged  for  16—20  PDL  before  they  would  grow  in  soft 
agar.  In  each  situation  the  frequency  of  growth  in  soft  agar  was  similar; 
10'3-5.  In  human  cell  transformation  studies,  abnormal  colony  morphology, 
while  important  as  a  tool  to  aid  in  determining  if  a  transformation  event 
happened,  was  not  a  reliable  marker  to  quantitate  the  transformation  events. 
In  the  refractory  cell  populations  that  would  not  exhibit  anchorage  indepen¬ 
dent  growth,  no  abnormal  colonies  were  observed  during  the  early  stages  of 
the  expression  stage.  These  same  phenomena  have  been  observed  for 
chemical  carcinogen  treated  cell  populations. 

After  10  PDL,  irradiated  cell  populations  exhibited  an  alteration  in  lectin 
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agglutination  profiles  and  grew  at  a  temperature  of  41°C.  In  fact,  we  found 
that  2—3  serial  subpassages  could  be  manipulated  at  41°C.  Normal  cells  will 
not  survive  24  h  at  that  temperature.  However,  at  this  point  the  cells  still 
would  not  grow  in  soft  agar,  nor  were  they  able  to  produce  tumors  in  nude 
mice.  Serial  passage  to  20  PDL  was  required  to  produce  populations  that 
would  grow  in  soft  agar. 

After  passage  through  soft  agar  and  tumor  formation  in  the  nude  mouse, 
UV-txeated  cell  populations  were  able  to  grow  to  a  finite  PDL  of  120—140. 
Cells  with  a  normal  phenotype  phased  out  at  PDL  40  ±  5.  It  is  interesting 
to  note  that  UV  light  has  been  shown  to  induce  carcinogenesis  in  the  skin 
of  man  although  it  has  weak  penetrating  ability.  UV  light  can  be  differentia¬ 
ted  from  X-ray  by  the  specific  nature  of  the  induced  damage  and  DNA  repair 
processes.  Owing  to  its  particular  features  UV  light,  unlike  many  chemical 
carcinogens,  does  not  require  antecedent  metabolic  activation  or  specific 
binding  before  an  interaction  with  cellular  DNA. 

The  slopes  of  the  toxicity  profiles  (survival  curves)  are  similar  to  those 
seen  for  10  Tl/2  cells  [17]  on  a  per  cell  basis  (Fig.  2).  When  we  evaluated 
the  survival  response  patterns  of  cells  at  risk  12  and/or  40  h  after  initiating 
treatment  (4—8  h  prior  to  the  reinitiation  of  scheduled  DNA  synthesis),  we 
found  that  by  growing  the  cells  at  a  low  ceil  density  the  toxicity  slopes 
(Fig.  3)  were  very  similar  to  the  slopes  measured  on  a  per  cell  basis  (Fig.  2). 
We  did  note  the  presence  of  abnormal  colonies  and  it  was  from  these 
colonies  that  the  neoplastically  transformed  cell  populations  arose.  If  we 
plotted  the  numbers  of  these  abnormal  colonies  as  a  function  of  the  dose 
in  J  •  m'2  recorded  as  a  frequency  relative  to  the  number  of  normal  colony 
phenotypes,  the  optimum  numbers  of  transformants  occurred  at  a  survival 
dose  of  50  (EDso)  (Table  III).  At  an  EDSS  the  frequency  of  abnormal 
colonies  was  zero.  The  frequency  of  abnormal  colonies  we  observed  at 
EDJS  was  IQ"3’4-,  at  an  EDS0  it  was  10"3'2;  at  an  EDS0  it  was  10'*  (Table  III). 
The  same  observations  have  been  made  for  cell  populations  treated  with 
chemical  carcinogens  of  the  type  whose  action  does  not  require  activation 
[1],  As  in  animal  cell  systems,  treated  human  cells  serially  passage  24  h 
after  exposure  of  the  cells  to  UV,  to  give  them  time  to  replicate,  enhances 
the  formation  of  abnormal  foci. . 

Therefore,  in  order  to  produce  cell  populations  in  the  initial  stages  of  a 
transformed  phenotype  the  transformed  cells  must  be  allowed  to  replicate. 
When  the  treated  cells  were  permitted  to  remain  in  a  confluent  density  or 
non-proliferating  phase  of  growth  after  treatment,  no  transformed  cell 
populations  were  obtained.  Contrary  to  the  observation  by  Little  [18]  that 
survival  is  enhanced  when  mouse  cells  are  left  in  growth-inhibited  conditions 
after  X-irradiation,  human  cells  at  that  point  are  lost  from  the  transformed 
phenotypic  populations.  However,  the  rate  of  repair  processes  in  rodent 
cells  is  much  slower  than  in  human  cells,  which  may  explain  why  rodent  cells 
must  be  allowed  a  longer  repair  time  before  they  replicate  and  establish  a 
transformed  phenotype. 

Since  we  can  optimize  the  transformation  events  by  irradiating  NFS  cells 
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in  S,  while  treatment  in  Gt,  or  G-  or  M  minimizes  the  events  (Milo  and 
DiPaolo,  unpublished  data),  we  believe  that  the  process  of  UV-induced 
carcinogenesis  in  human  fibroblast  cells  is  complex,  error  prone  and  subject 
to  critical  timing  of  exposure  to  UV  at  an  appropriate  dose  of  the  physical 
carcinogen.  Following  a  selection  process,  the  expression  stage  can  be 
controlled  '  y  allowing  at  least  20  additional  rounds  of  proliferation  to  occur 
before  the  cells  will  passage  through  soft  agar  and  form  tumors  in  the  mouse. 

In  conclusion,  we  agree  that  the  rate  of  recovery  of  cloning  ability  of 
human  fibroblasts  after  UV  treatment  shows  a  correspondence  with  the 
ability  of  the  cells  to  recover  from  the  potential  lethal  effects  of  the 
irradiation  [6].  However,  we  have  found  that  even  though  we  can  demon¬ 
strate  UV-induced  transformation  at  toxic  doses  of  EDJ0  or  less,  we  cannot 
demonstrate  transformation  at  higher  toxic  doses  or  lower  non-toxic  doses. 
Therefore,  we  feel  that  cell  populations  contain  subsets  of  cells  that  are 
susceptible  to  carcinogen(s)  but  are  lost  from  the  total  cell  populations  by 
modulation  of  the  normal  phenotype  upon  prolonged  exposure  to  the  tissue 
culture  environment 
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FotiMb  derived  iow-paeaag,  human  call  popuUbora 
war,  reproducibty  ganatermad  with  chamtcai  cjrdno* 
fan*  whan  tha  cads  wara  blocked  in  G,,  r«  leased  from 
the  block,  and  craatad  with  aithar  tha  carcinogen  M 
methyl-  Mnitro-  Mnttroeofuentdine  (MNNC)  or  with 
Anatoxin  Bl  in  tha  $  parsed  at  tha  call  cycle.  Arymma- 
and  glutanatsa  daflciant  madlum  was  racpwrad  to  effec¬ 
tively  block  t  sa  calls  hi  tha  G,  period.  Estradiol,  insulin, 
anchradn  or  phorbol  /nyrivtate  acatata  sanarazad  tha 
call  population  to  caranoyan  traacmant  whan  addad  10 
h  before  tha  carcinogen  hi  tarty  S  pariod.  Preaeniitised 
cadi  leapt  blockad  in  G,  pariod  for  40  h  or  longar,  re- 
lasaad  and  craatad  in  $  pariod  with  MNNC  or  Aflacoxin 
SI  wara  not  uwtlwmed;  nor  did  transformation  occur 
in  pi  saanalltrsd  call  populations  craatad  in  G,  (AS  h),  M 
(I  j  h)  or  G.  (S.2  h).  Calls  darhtad  from  cardnogan  traa 
cad  pi  asantittyad  calk  grow  as  coionias  in  soft  agar  at  14- 
20  POL  Whan  calls  derived  from  coionias  iso  la  cad  from 
tha  soft  agar  wara  in|actad  subcutaneously  into  nuda 
mica,  tumors  developed. 


Senallv  subpassaged  human  cells  grow  in  vitro  as 
randomly  proliferating  monolayer  cultures  with  sub- 
populauons  capable  of  different  rates  of  scheduled 
(Cristotaio  and  Sharf.  1973)  and/or  unscheduled 
DNA  repair  synthesis  ( Han  and  Setlow.  1976).  With 
continued  subpassaging  the  non-proliferating  popu¬ 
lations  constitute  a  progressively  larger  proportion 
of  the  total  cell  population.  These  changes  ir.  cell 
cycle  kinetics  with  serial  subpassaging  could  be  due 
to  a  decrease  in  proliferating  subpopulations  (Cris- 
rofalo  and  Sharf.  1973:  Merz  and  Ross.  1973:  Turk 
and  Milo.  1974;  Milo  and  Hart,  1976)  or  to  a  length¬ 
ening  of  the  G,  or  G0  cell  cycle  phase  (Grove  and 
Cnstofalo.  1977).  In  the  terminal  passages  of  Phase 
III,  unscheduled  DNA  repair  synthesis  also  de¬ 
creases  in  subculrured  human  diploid  populations 
(Milo  and  Hart,  1976). 

The  expression  of  the  transformed  phenotype  af¬ 
ter  a  carcinogenic  insult  requires  preferential  cell 
multiplication.  The  failure  of  cell  proliferation  and 
fixation  of  the  initial  transformation  event  result  in 
the  chemically  treated  cells  becoming  part  of  the  cell 
population  belonging  to  a  permanent  resting  phase 
of  the  cell  cycle.  In  this  way.  prevention  or  suppres¬ 
sion  of  cell  transformation  would  occur. 

We  have  previously  demonstrated  that  chemical 
carcinogen-induced  transformation  of  human  cells 
occurs  in  low-passage  populations  that  are  first 
blocked  in  G,.  released  from  the  block,  then  treated 
in  S  (Milo  and  DiPaolo.  1978).  The  current  study 
shows  that  several  chemicals  may  sensitize  cells  and 
alter  the  subsequent  transformation  response  of  hu¬ 
man  cells  to  chemical  carcinogens. 


MATERIAL  AND  METHODS 

Cell  cultures 

Neonatal  human  foreskin  cell  suspensions  ob¬ 
tained  by  collagenase  dispersion  (Riegner  et  al.. 
1976',  were  seeded  into  25-75  cm1  flasks  and  pro¬ 
duced  confluent  monolayers  within  48  h.  These  cell 
cultures  have  a  finite  replicative  capacity  of  35  r  7 
population  doubling  (PDL).  Cultures  containing 
rapidly  proliderating  cells  (Cnstofalo  and  Sharf. 
1973)  were  arbitranly  assigned  to  level  2  after  the 
first  subpassage.  All  populations  were  routinely  pas¬ 
saged  on  Eagle's  minimum  essential  medium 
(MEM)  supplemented  with  non-essential  ammo- 
acids.  sodium  pyruvate,  gentocin.  glutamine.  25  mM 
Hepes  at  pH  7.2  (Milo  and  DiPaolo.  1978)  and  10% 
fetal  bovine  serum  (FBS).  All  FBS  used  in  the  above 
complete  medium  (CM)  for  these  experiments  was 
first  analyzed  for  content  of  hydrocortisone  (HC). 
17-d-estradiol  (E,).  progesterone  (P).  cortisone  iC) 
(Milo  et  al.,  1976).  and  unsaturated  fatty  acids 
(Huttner  et  al..  1978).  FBS  selected  for  the  car¬ 
cinogenesis-synchronization  experiments  optimally 
exhibited  growth  potential  of  40-50%  colony-form¬ 
ing  efficiency  in  cultures  seeded  at  250  cells/ 25  cm- 
flask. 

C ]  period 

To  block  the  human  cells  in  the  G,  period,  several 
variations  of  Dulbecco  s  modified  minimum  essen¬ 
tial  medium  (DM)  deficient  in  specific  amino-acids 
were  used:  lacking  either  leucine-glutamme. 
isoleucine  glutamine,  leucine-arginine,  isoleucine- 
arg mine,  or  glutamine-arginine  combinations,  or 
one  of  the  individual  amino  acids.  The  technique 
used  to  block  the  cells  in  the  G|  penod  was  modified 
from  the  Tobev  and  Ley  procedure  (1971).  Cell  sus¬ 
pensions  of  5,000  cells/cm ;  were  seeded  onto  four 
microscope  slides  and  placed  in  176-cm:  Petri  dishes 
containing  50  ml  of  each  amino-acid-deficient  DM 
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Abbreviations:  Population  doubling.  PDL,  fetal  bovine 
serum.  FBS;  complete  medium.  CM;  hydrocortisone.  HC. 
17-d-estradiol.  E,;  progesterone.  P;  cortisone.  C;  Dulbec- 
co's  modified  minimum  essential  medium.  DM:  Minimum 
essential  medium.  MEM;  specific  activity.  S.A.;  9-oc- 
tadecenotc  acid  (oleic  acid),  C  18:1;  arachidomc  and 
(eicosatetraenoic  acid-5,8,1 1 .14).  C  20:4;  dibutyryl  cyclic 
GMP.  d-cGMP;  insulin.  IN;  phorbolmvnstate  acetate. 
PMA;  anthralin.  Amh;  .V-methyl-N’-nitro-iV-nitroso- 
guamdine.  MNNG:  human  nasopharyngeal  carcinoma  ceil 
line.  NPC,  SV-10  transformed  WI-26.  VA-4;  Eagle's  basal 
medium.  EBME;  Low  calcium-Eagle's  basal  medium; 
LoCal-EBME. 
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medium  supplemented  with  dialyzed  10 %  FBS  (d- 
FBS).  Cells  were  incubated  in  a  4%  CO;-ennched 
air  atmosphere  at  37”  C  The  cultures  were  released 
from  the  G,  penod  block  by  exchanging  the  amtno- 
acid-deficient  medium  to  growth  medium  (CM)  con¬ 
sisting  of  Eagle  s  MEM  10 %  FBS.  with  the  addition 
of  [5H)thynudine  ( 1  t/Ci/5  ml)  and,  where  approprt- 
ate  to  the  experiment,  an  extrinsic  factor  such  as  IN. 
The  radiolabeiling  penod  for  continuously  labelled 
cells  was  96-144  h  (S.A.  6.0  Ci/mmole  of  [5H|thy- 
midine)  or  for  pulse-labelled  cells,  30  min  (S.A.  60 
Ci/mmole  of  PHJthymidine).  The  CM,  including 
radiolabelled  thymidine,  was  replaced  every  24  h  in 
the  continuously  labelled  culture.  After  the  block 
was  removed,  chemicals  known  to  alter  cellular 
DNA  synthesis  were  suspended  in  CM  and  added  to 
the  cell  population  at  either  24,  48,  72,  96  or  120  h. 

Chemicals 

The  extnnsic  factors  studied  for  their  effect  on  the 
S  phase  of  the  ceil  cycle  were  oleic  acid  (9-oc- 
tadecenoic  acid  (C18: 1);  arachidomc  acid  (eicosatet- 
raenoic  acid  -  5,  S.  11.  14  (C20:4)  (Nu-Chek,  Ely- 
rian,  Minn.;  Huttner  etal..  1978)  at  5  ug/ml;  dibutv- 
ryl  cyclic  GMP  (d-cGMP)  at  2.07  ug/ml;  insulin  ( IN) 
at  0.5  U/ml:  17-pi -estradiol  (E;)  at  1  ug/ml;  hydrocor¬ 
tisone  (HC)  (Schwartz/Mann.  Orangeburg,  N  Y.)  at 
1  ug/ml;  phorboi-mynstate  acetate  (PMA)  (Consoli¬ 
dated  Midland  Corp..  Brewster.  N.Y.)  at  1  ug/ml; 
and  anthralin  (Amh)  (Pfaltz  and  Bauer.  Inc.,  Stam¬ 
ford.  Conn.).  Chemicals  were  dissolved  in  acetone 
(Spectrar  Grade,  Vlallincrodt,  Inc.  Paris.  Kentucky) 
under  red  light  in  an  argon  atmosphere,  and  main- 
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FtGURE  1  -  Human  foreskin  cell  populations  were 
seeded  at  a  cell  density  of  5,000  celts/cm'  onto  a  15-mm 
diameter  microscope  slide  or  a  covenlip.  These  seeded 
slides  were  then  placed  into  25-cm1  dishes  containing  5  mi 
of  DM  supplemented  with  10%  d-FBS  minus  arginine- 
glutamine  /•——•>.  minus  leucine-glutamine.  (A — A).  or 
minus  isoleuane-giutamme  (0 — 0).  and  monitored  tor  the 
presence  of  radiolabelled  interphases  for  96  h  after  seeding. 
The  deficient  medium  was  replaced  every  24 h.  [’H|rhy- 
midine  (1  CiiSml;  S.A.  6  0  Ci/mmole)  was  added  ac  the 
time  when  the  cells  were  seeded  into  the  DM.  The 
radiolabel  was  replaced  every  time  the  DM  or  CM  was 
replaced.  Four  samples  were  taken  at  Ih  over  rhe  96-h 
penod.  fixed  and  prepared  for  autoradiography  (see  texr). 


Figure  2  —  Human  foreskin  cell  populations  at  satura¬ 
tion  density  were  seeded  at  a  cell  density  of  5 .000  cellvcm1 
These  populations  were  not  permitted  to  remain  in  satura¬ 
tion  density  for  more  than  16h  prior  ro  seeding.  The  cells 
were  suspended  by  trypsuuzation  ( Riegner  et  at ,  1976)  and 
the  cells  recovered  by  centnfugation  at  650  g.  The  pellet 
was  resuspended  into  expenmental  medium  A  and  seeded 
onto  15-mm  diameter  microscope  sides  or  coverslips  for  6  h 
to  attach  to  the  substratum.  These  cultures  were  kept  in 
this  deficient  medium  for  24 h  (• — •  )  (see  legend  to  Figure 
1 )  or  4$h  (A — A).  The  block  was  removed  by  the  addition 
of  10%  FBS-supplemented  CM  containing  2  rim  arginine 
and  1  rim  glutamine.  One  uCi  of  [ 1  H]thymidine  16.O  Cti 
mmole  )/$  ml  was  added  to  each  ammo-acid-deficient  ex¬ 
perimental  medium  and  each  complete  growth  medium.  In 
each  case,  both  medium  and  radiolabelled  thymidine  were 
replaced  at  every  24-h  penod  from  seeding  to  completion 
of  the  experiment.  Cells  kepi  continuously  m  CM  and  se- 
nally  subpassaged  into  CM  were  sampled  every  2h  from  Oh 
up  ro  96h  (O—O)  post  seeding  Proliferating  cell  popula¬ 
tions  were  seeded  into  expenmental  medium  A  for  24  h 
(•—#1;  four  samples  were  removed  every  2h  from  Oh  lai 
24h)  up  to  96h.  The  block  was  removed  at  24h.  Additional 
populations  were  left  in  expenmental  medium  up  to  48  h 
(A — A)  then  the  block  was  removed.  Another  population 
was  left  in  the  amino-acid-deficient  medium  from  0  h  up  to 
120h  (A — A).  The  medium  plus  [’Hlthymidine  was  re¬ 
placed  every  24  h. 


tamed  in  stock  solutions  of  1  mg/ml.  The  carcino¬ 
gens.  aflatoxin  B,  and  .V-methyl-iV-nitro-iV-nitroso- 
guamdine  (MNNG).  were  dissolved  in  acetone  and 
stored  at  -19“  C  until  immediately  prior  to  use.  The 
final  culture  concentration  of  acetone  was  0  02%. 
Cell  cultures  that  had  been  pulsed  with  [  ^thy¬ 
midine  (60  Ci/mmole)  for  30  mm.  or  continuously 
<6.0  Ci/mmole)  for  120  h.  were  acid-washedNvtth  0. 1 
n  HC1  to  remove  free  [■’Hjthymidine.  The  culture 
slides  were  fixed  in  Carnoy's  solution  or  methanol; 
acetic  acid  (3: 1 .  v/v).  dipped  in  Kodak  NTB-2  emul¬ 
sion,  exposed  for  3-4  days  at  !2”C.  developed  in 
Kodak  D-I9  developer,  fixed  in  Kodak  fixer  197- 
1746.  and  stained  with  filtered  Giemsa. 

Preparanon  of  metaphase  chromosomes 
Rapidly  proliferating  cell  cultures  at  PDL  1-5  were 
prelabelled  with  1  uCi/ml  [3H]thymidine  (6.0  Cv 
mmole )  for  24  h.  Crams  were  found  on  100%  of  the 
interphase  nuclei.  Companion  cultures  radiolabelled 
in  the  same  manner  were  fed  every  24  h  with  amino- 
acid-deficient  DM  (pH  7.2)  supplemented  with  10% 
d-FBS.  Sixteen  to  24  h  later  the  deficient  medium 
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was  replaced  with  CM:  0.1  ug/ml  colcemide  was  ad¬ 
ded  3  h  pnor  to  fixation.  Samples  were  removed 
every  30  mm  beginning  4  h  into  the  S  phase,  fixed  in 
Camoy's  solution  and  either  stained  with  aceto-or- 
cetn  before  being  dipped  in  Kodak  NTB-2  emulsion 
or  post-stained  with  Giemsa  following  development 
iBaserga.  1967)  4  days  later  in  Kodak  D-19  de¬ 
veloper  and  fixation  in  Kodak  fixer  197-1746. 

Growth  in  soft  agar 

Two  transformed  cell  lines  were  used  as  positive 
controls  for  evaluating  the  growth  potential  of  chem¬ 
ical  carcinogen-treated  cells  in  soft  agar.  These  were 
a  human  nasopharyngeal  carcinoma  cell  line  tNPC. 
gift  from  Litton  Bionetics.  Kensington.  Md. )  and  an 
SV-W-transformed  lung  cell  line  (VA-4;  from  the 
A.T.C.C.,  Rockville.  Md.)  Both  grew  in  soft  agar 
(0.35%  containing  LoCal-EBME-supplemented 
with  20%  FBS)  over  a  1  %  or  2%  agar  base  contain¬ 
ing  RPMI  1629  growth  medium  supplemented  with 
20%  FBS  (Milo  and  DiPaolo.  1978).  The  frequency 
of  bolus  formation  with  NPC  and  VA-4  after  9-11 
days  was  70-80%  and  30-85  % .  respectively.  The 
chemically  treated  cells  were  seeded  at  50.000  cells/ 
25  cm:  well  (Milo  and  DiPaolo.  1978)  and  examined 
1 1  days  later. 

Growth  in  nude  mice 

Nude  mice,  purchased  from  Sprague-Dawlev 
(Madison,  Wise.)  were  delivered  at  6  weeks  of  age. 
Mice  between  10  and  12  weeks  of  age.  previously 
subjected  to  450  R  whole-body  irradiation,  were  in¬ 
oculated  subcutaneously  with  10®-10 7  5  NPC -cells 
per  inocolum  into  the  subscapulac  region.  After  24  h 
the  initial  bleb  regressed  and  4-o  weeks  later  a  tumor 
0.6-1. 2cm  in  size  was  excised.  The  optimum  in¬ 
oculum  size  was  5  x  lO”  cells.  VA-4  cell  inocula  re- 


Figure  3  —  Randomly  proliferating  cell  populations  that 
were  not  in  saturation  density  arrest  for  more  than  16  h 
were  seeded  into  CM  (O—O)  or  medium  A  (  • —  •)  and 
allowed  to  attach  for  6h  (>95°%  attachment  was  deter¬ 
mined  by  fixation,  staining  and  counting  the  number  of 
cells  that  attached  to  the  substratum  versus  the  number  of 
cells  seeded).  AU  populations  seeded  into  medium  A  were 
transferred  to  CM  plus  2  mM  arginine  and  1  mM  glutamine 
and  either  HC.  (220:4,  E.  1 A — A),  or  IN  ltd — td),  or  PMA 
(•—•):  or  Anth  (•—•):  or  d-cGMP  (G — G)  added  to 
each  separate  culture  at  24h.  (’Hlthymtdine  was  added  to 
the  cultures  as  described  in  the  legend  to  Figure  2.  Cultures 
were  re-fed  every  24h  over  the  120-h  period. 


gressed  in  24  h  and  no  visible  tumor  was  seen  tn  the 
20  inoculated  mice  after  a  6-month  period.  The 
tumor  incidence  in  NPC-moculated  mice  was  5/10, 
The  chemical  carcinogen-treated  cell  populations 
were  inoculated  at  a  cell  inoculum  size  of  5  x  10“ 
cells  in  0.5mi  volume  m  the  manner  previously  de¬ 
scribed  and  submitted  for  pathology  (Milo  and  Di¬ 
Paolo.  1978)  After  4-6  weeks  the  tumors  were  re¬ 
moved  and  submitted  to  pathology. 

RESULTS 

Cell  block 

Cells  from  amino-acid-deficient  DM  preparations 
supplemented  with  10%  d-FBS  contained  varying 
numbers  of  radioiabeiled  nuclei  (Fig.  1).  At  %h 
cells  maintained  in  DM  minus  glutamine  and  ar¬ 
ginine  (Medium  A),  minus  leucine  and  glutamine 
(Medium  B).  or  minus  isoieucine  and  glutamine 
(Medium  C)  contained  5.  37  and  57%  radioiabeiled 
interphase  cells,  respectively. 

In  DM-deftcient  media  lacking  only  one  amino 
acid  (i.e.,  arginine,  glutamine,  leucine  or  isoieu- 
erne).  the  cell  populations  contained  50-70%  radio- 
labelled  interphases  over  a  96-h  period.  A  65  %  in¬ 
crease  in  cell  numbers  lOh  after  the  S  period  corres¬ 
ponded  to  the  number  of  radioiabeiled  interphase 
nuclei  observed. 

Medium  A  was  selected  for  blocking  the  cells  in 
G,.  and  samples  were  checked  at  2-h  intervals.  Cell 
populations  seeded  for  24  h  in  medium  A  and  trans¬ 
ferred  to  CM  for  72  h  contained  67-72%  radiola- 
belled  nuclei.  Cells  kept  in  medium  A  for  48  h  pnor 
to  transfer  to  CM  contained  35-42%  radioiabeiled 
nuclei  at  the  end  of  an  additional  72  h  penod.  The 
area  in  Figure  2  between  the  curves  for  randomly 
proliferating  ceil  populations  (open  circles)  and  the 
cells  held  tn  medium  A  for  24h  (filled  circles)  repre¬ 
sents  cells  that  respond  to  IN,  Anth.  E;.  or  PMA 
treatment  (see  below (.  The  area  desenbed  by  the 
cell  population  that  was  held  in  medium  A  for  48  h 
(Fig.  2.  tnangies)  represents  a  population  that  will 
not  totally  respond  to  added  signals  such  as  IN. 
.Anth.  or  E;. 

Effect  of  exogenous  factors  on  cell  growth 

Cell  populations  were  transferred  from  medium  A 
to  CM  after  24  h  and  one  of  the  following  chemicals 
was  added:  rN,  HC.  C20:4.  E;.  d-cGMP.  PMA.  or 
Anth  (Fig.  3).  along  with  (JH)thymidine.  In  these 
experiments,  untreated  control  cultures  transferred 
to  CM  after  24 h  in  medium  A  contained  radiolabel 
in  only  62-67  %  of  cell  nuclei  up  to  1 20  h  after  trans¬ 
fer.  Either  IN.  C20:4.  E-.  d-cGMP  or  HC  added  to 
CM  amplified  the  appearance  of  radioiabeiled  nuclei 
over  the  120-h  sampling  penod.  Anth  or  PMA  did 
not  alter  the  profile  of  [■’Hlthymidine  incorporation 
into  nuclei.  IN-treated  cells  recovered  from  the 
block  more  rapidly  than  any  of  the  other  cultures. 
Whenever  treated  cultures  were  removed  from  the 
expenmetrtai  medium  and  passaged,  the  normal  pro¬ 
liferative  kinetics  resumed  by  passage  2  or  4  The 
PDL  time  after  a  1:2  split  was  approximately  2-3 
days  at  PDL  2.  In  no  case  was  the  lifespan  of  cultures 
appreciably  altered  from  37±7  PDL. 
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Figure  4  —  Cell  populations  used  in  these  experiments 
were  prepared  and  seeded  in  the  same  manner  as  described 
in  the  legend  to  Figure  3  However,  these  cultures  were 
released  from  block  after  ahh  [  ’H]thymidine  was  added  to 
medium  A  and. or  CM  as  decnbed  in  the  legend  to  Figure  2. 
Control  cultures  i  • — •  I  were  released  after  48  h  and  IN 
iC— C  i  or  HC  i  A — A)  was  added  Other  compounds  listed 
in  the  legend  to  Figure  ?  induced  responses  intermediate 
between  those  of  IN-  iC — 2)  or  HC-  (▲ — ▲  !  treated  cul¬ 
tures  These  compounds  were  added  to  CM  48h  after  re¬ 
placement  of  medium  A  The  untreated  control  cultures 
were  left  in  medium  A  id. — <Ll.  ( 1  H|thvmidine  was  added 
to  the  cultures  at  seeding  and  every  2a  h  upon  replacement 
of  medium  A  or  CM. 


To  further  study  the  effect  of  these  compounds  on 
the  proliferative  capacity  of  the  cells,  populations 
were  maintained  m  medium  A  for  48  h  (Fig.  4»  be¬ 
fore  treatment.  Untreated  control  cells  in  these  ex¬ 
periments  contained  A3  radiolabelled  nuclei  4ft  h 
after  transfer  from  medium  A.  IN-treated  cell  popu¬ 
lations  contained  ~2ac  radiolabelled  nuclei.  C20:4- 
or  HC-treated  cultures  sampled  for  up  to  1 30 h  in¬ 
corporated  ( JH|thymidine  into  no  more  than  the 
~Zcv  of  nuclei  labelled  at  48h.  Again,  in  Anth-or 
PMA-treated  cultures  the  labelling  profile  did  not 
differ  from  that  of  the  untreated  cultures. 


Since  it  was  difficult  to  predict  the  exact  length  of 
the  lag  interval  before  the  cells  in  G  would  begin  to 
enter  the  S  period  following  transfer  from  medium  A 
to  CM.  the  cells  were  blocked  in  G.  in  medium  A  tor 
24h  and  then  released  At  point  B  (Fig.  51  either  IN 
or  one  of  the  other  compounds  (see  Figs.  1-3)  was 
added  to  the  CM.  At  30-mtn  intervals  for  the  next 
25  h.  sample  populations  on  1  mm  were  removed  and 
placed  in  CM  containing  1  0  uCi  of  ( 'H|thvmidine 
l60CLmmolei  in  5ml  for  30mm.  Untreated  control 
cultures  achieved  a  level  of  only  '3  “f  radiolabelled 
nuclei,  whereas  cells  treated  with  IN  reached  a  90- 
45 rc  level. 

When  E;.  Anth  or  d-cGMP  (Table  I)  were  added 
to  pulse-labelled  cultures,  the  S  peak  occurred  lh 
later  Compared  to  untreated  controls,  the  length  ot 
S  u.e. .  the  appearance  and  disappearance  of  labelled 
interphase  nuclei)  did  not  vary  in  any  of  the  treated 
populations,  the  length  of  S  m  ail  populations  was 
3.2h.  The  length  ot  M.  1 .5 h .  was  determined  by 
measuring  the  interval  for  the  appearance  and  disap¬ 
pearance  of  radiolabelled  metaphase  plates  The  in¬ 
terval  between  S  and  M  (G;)  was  calculated  to  be 
4.5h.  The  length  of  the  cell  cycle.  22. 4h.  was  deter¬ 
mined  bv  counting  cells  over  a  24-h  period  using 
trypan-blue  dye  exclusion  Subtraction  of  the  experi¬ 
mentally  determined  S  and  M  times  and  the  calcu¬ 
lated  time  tor  G;  from  22.4  yielded  an  estimated  G, 
of  8  2  h.  If  either  IN  or  Anth  was  added  at  interval  B 
(Fig  5).  the  period  most  dramatically  affected  was 
G,  •  G,  was  shortened  from  8  2  to  6.5  h  between 
waves  of  cells  passing  through  S.  G:  and  M  for  three 
cycles.  After  the  first  cycle  and  for  each  successive 
cycle  20-22  of  the  cells  departed  from  the  syn¬ 
chrony  pattern.  After  the  second  cycle,  the  number 
of  rapidly  pulse-labelled  nuclei  decayed  to  that  of 
randomly  proliferating  companion  cultures.  The 
absolute  values  for  the  total  number  ot  cells  in  S 
varied  with  tissue  and  according  to  treatment.  When 
experimental  sister  cultures  were  treated  with  PMA. 
IN.  Anth  or  E.  at  point  B  t Fig.  5).  the  number  ot 
cells  in  S  varied  from  67-95  ‘e  (Table  I) 


table  i 


PERCENT  I’HrTHYMIDINE  LABELLED  NUCLEI  DLRLNG  THE  PEAK  TIME  INTERVAL  OF  SCHEDULED  DNA  SYNTHESIS  OF 
CELL  POPULATION  TREATMENT  WITH  DIFFERENT  EXTRINSIC  FACTORS 


rune  1  hi 

Trearmem 

23M 

IN 

HC 

E- 

Anth 

PMA 

slvGMP 

U  n ires ted 

34 

3? 

42 

45 

:i 

22 

r 

i: 

35 

"4 

"4 

33 

33 

2! 

47 

49 

.v> 

90 

92 

39 

51 

41 

35 

C>7 

37 

84 

31 

31 

91 

55 

33 

6' 

38 

v3 

~~2. 

*2 

*7 

38 

15 

54 

>9 

57 

so 

?■ 

37 

- 

55 

34 

Concentrations  mad  were  bett>«  the  ievei  that  inhibited  cellular  proliferation  u  evaluated  bv  relative  plating  efficiency  ot  the  cell  population 
■  M doer*,  197<G 

TSt  ceil*  it  ?  U00  ceUncto'  wen  Nocked  m  G,  >n  DM  mums  arfrrunc  "runui  glutamine  medium  for  24  bn  transferred  to  CM  ~  10^  FBS 
containing  either  iracnsdomc  aud.  CtO  ai.  rnsunn  INi  hvdrocontsme  .HC  estradiot.  iE->  anthralin.  t  Anthl.  pborooi  ravratate  acetate.  iPMA) 
di-butvrvl  orciac  GMP  d-cGMPl  >r  ah  treat  ad  Companion  we  us  contained  '  mt  ot  CM  win  one  *C,5  mi  ot  |’H|thvmidme  ibdCi.  mmoie  i.  At  "*) 
minute  imervmra  a  »amr*e  »u  removed  from  DM  or  CM  medium  and  incubated  m  CM  ■»  i  Hlthvmiduie  for  30  minutes,  removed.  :ixed  stained  and 
JeveioMd  Thn  procedure  »  as  earned  out  at  hr  post -^ceding  T“h«  percent  ubeied  nuclei  it  expressed  as  the  numoer  ot  radtoiaoeied  interphase* 

per  total  number  of  nuclei  per  IIJO  nuclei 
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Figure  5  —  Cell  populations  were  seeded  at  a  density  of 
5.000  ceils,  cm'  with  DM  minus  argmine-glutamine.  iA) 
supplemented  with  I0FJ  d-FBS.  The  cells  were  luted  24h 
later,  stained  with  hematoxylin,  and  enumerated  (continu¬ 
ously  95  ai  absolute  plating  efficiency  occurs  I.  The  DM  was 
removed  at  this  time  and  the  cultures  released  with  CM 
(see  text)  containing  0.5  U  of  insulin  per  ml.  Companion 
wells  containing  5  ml  of  CM  with  (’Hlthvmidine  were  incu¬ 
bated  under  the  same  culture  conditions  as  for  the  experi¬ 
mental  DM  cultures.  One  uCi  of  [ !  H]thymidine  (oO  Cl' 
mmole)  was  added.  At  30- min  intervals  samples  were  re¬ 
moved  from  DM  or  CM  medium,  incubated  for  30  min  in 
the  radiolabelled  CM  medium,  fixed,  stained  and  de¬ 
veloped  under  NTB-2  emulsion  for  -l  days.  The  labelled 
interphases  were  enumerated.  Companion  slides  and  label¬ 
ling  conditions  were  used  in  controls  except  that  0.1  agimi 
of  colcemide  was  added  to  the  CM  medium.  Four  hours 
into  S.  samples  were  taken  and  radiolabelled  for  30  min  in 
CM.  fixed,  and  developed  under  NTB-2  emulsion  isee 
text).  Radiolabelled  metapnases  were  enumerated  and  the 
percentages  compared  to  the  controls  were  calculated  ( not 
reported  here). 


Cell  transformation  studies 

Ten  hours  after  administration  of  IN  or  a  com¬ 
pound  listed  in  Table  I  at  interval  B  (as  the  ceils 
were  entering  S;  Fig.  5).  aflatoxin  B,  or  .VINNG  was 
added  to  the  cultures.  The  carcinogens  were  re¬ 
moved  I2h  later  and  the  cultures  serially  passaged 
into  CM  containing  3x  non-essential  amino  acids 
and  Zx  vitamins  (Milo  and  DiPaolo.  1978),  for  15 
PDL.  The  populations  were  then  serially  passaged 
into  soft  agar  10.35  eri.  containing  LoCal-EBME  sup¬ 
plemented  with  20 FBS)  over  a  2%  agar  base  con¬ 
taining  RPMI  1629  growth  medium  supplemented 
with  FBS  (Milo  and  DiPaolo.  1973).  After  11 
days  colonies  were  scored,  removed,  and  serially 
subpassaged  in  CM.  Growth  in  soft  agar  for  treated 
cultures  ranged  from  no  growth  to  CIO2-3  for  aflato- 
xin  B,-anthralin  treated  cultures  (Table  II).  Ceil 
populations  treated  with  non-carcinogemc  com¬ 
pounds  and  passaged  through  soft  agar  sometimes 
formed  short  chains  of  two  to  six  cells  rather  than  a 
colony.  None  of  these  ceils  formed  colonies  in  agar 
when  passaged  a  second  time.  Addition  of  IN.  E:. 
PMA  or  Anth  at  interval  B  enhanced  colony  forma¬ 
tion  in  soft  agar  as  compared  with  aflatoxin  treat¬ 
ment  alone.  Serially  passaging  the  cell  a  second  time 
in  the  agar  increased  the  frequency  of  colony  forma¬ 
tion  to  40-90^.  Similar  results  reoccurred  with 


MNNG-treated  cel)  populations  regardless  of 
whether  IN  or  Anth  were  used  (data  not  shown 
here).  PMA-aflatoxin  Brtreated  populations,  while 
exhibiting  a  low  frequency  of  colony  formation  upon 
passage  through  the  soft  agar  for  the  first  time,  did 
form  colonies  of  50-300  cells  per  colony,  followed  by 
an  increase  in  frequency  in  colony  'ormation  to  70 °i 
during  the  second  agar  passage. 

Addition  of  oleic  acid  (08:1).  020:4.  or  d-cGMP 
did  not  enhance  colony  formanon.  E:  and  PMA 
were  intermediate  in  their  effect  on  colony  forma¬ 
tion  by  carcinogen-treated  cells,  while  IN  or  Anth 
were  quite  effective  in  augmenting  colony  formation 
(Table  II).  After  carcinogen-treated  cells  isolated 
from  agar  were  serially  passaged.  5  x  10"  cells  were 
inoculated  subcutaneously  into  the  subscapular  re¬ 
gion  of  previously  irradiated  (450R  whole-body) 
nude  mice  (Milo  and  DiPaolo.  1978).  Subcutaneous 
tumors  appeared  at  the  injection  site  within  10-18 
days.  The  tumors  were  scored  4  weeks  later  when 
0.8- 1.5  cm  in  size.  Cell  populations  treated  with  af¬ 
latoxin  BflN  or  Anth.  or  wtth  MNNG-IN  or  Anth. 
produced  the  highest  numbers  of  tumors  (Table  III). 
In  three  experiments  (data  shown  for  one  experi¬ 
ment  in  Table  III),  the  order  of  successes  was  the 
same.  Aflatoxin  B,-IN  or  MNNG-IN  induction  of 
tumors  was  the  highest,  followed  by  Aflatoxin  B,- 
Anth.  or  -PMA.  Tumors  excised  and  examined  his- 
topathologically  and  karyologically  were  all  con¬ 
firmed  as  undifferentiated  mesenchvnal  tumors  of 
human  origin.  To  date,  all  cell  lines  that  have  been 
grown  in  soft  agar,  and  successfully  serially  passaged 
a  second  time  in  soft  agar,  have  produced  tumors 
when  injected  in  nude  mice.  So  cell  populations, 
after  being  blocked  for  48  or  72  h  and  treated  in  S 
with  Aflatoxin  B,-IN  or  MNNG-IN.  formed  col¬ 
onies  in  soft  agar  or  produced  tumors  in  nude  mice. 

DISCUSSION 

As  previously  reported  (Milo  and  DiPaolo.  1978). 
we  have  successfully  induced  transformation  of  nor¬ 
mal  human  cells  with  different  chemical  carcinogens. 
Other  reports  suggest  that  randomly  proliferating 
normal  skin-cell  populations  can  be  transformed  by 
4-njtroquinolme  oxide  and  MNNG.  However,  we 
have  found  that  successful  induction  of  neoplastic 
transformation  in  rapidly  proliferating  normal  hu¬ 
man  foreskin  cells  by  chemical  carcinogens  in  vitro  is 
an  exceedingly  rare  event.  Chemicals  that  act  as  car¬ 
cinogens  in  neonatal  foreskin  cells  in  vitro  can  dam¬ 
age  cellular  DNA  (Milo  et  a/..  1978).  but  the  DNA 
repair  systems  in  these  normal  diploid  cell  popula¬ 
tions  are  extremely  rapid  and  error-free  (Maher  et 
ai..  1977). 

Randomly  proliferating  normal  cell  populations 
repair  over  90^  of  the  damage  from  chemical  car¬ 
cinogens  in  4-10  h  (Milo  and  Hart.  1976)  and  are 
rarely  transformed.  There  are  two  methods  for  syn¬ 
chronizing  mammalian  ceils  in  the  G,  phase  of  the 
cell  cycle:  one  is  to  arrest  the  cells  in  confluence  and 
the  other  is  amino  acid  deprivation  (Peterson  et  ai., 
1974;  Jones  et  ai.,  1976b.  1977;  Greenberg  et  at.. 
1978;  Grisham  et  ai..  1979).  Following  release  from 
the  block  nearly  all  the  cells  enter  S  phase  within  b  to 
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TABLE  II 


FREQUENCY  OF  COLONY  GROWTH  IN  SOFT  aGaR  OF  TRANSFORMED  HUMAN  CELLS  TREATED  WITH  DIFFERENT 

EXTRINSIC  FACTORS  AND  AJFLATOXIN  8, 


Chemical  i^g/ml)1 

No.  of  treated 
populations 

No  ot  lines  -hat  grew  m  agar 
No  of  lines  seeded  m  agar 

Frequency 

Control  (0) 

0 

0 

0 

Aflatoxin-B,  (10) 

10 

3.20 

i 

rj“ 

Aflatoxin-B,  (10)  -  IN  (1) 

10 

10/10 

I 

10“ 

IN  U) 

3 

2/3 

101 

Aflatoxin-B,  (10)  E.  (1) 

*> 

I 

10*" 

E. 

A 

V2 

1 

10“ 

Aflatoxin-B,  (10)  1X0:4  (1) 

3 

3/3 

i 

10“ 

C20:4(l) 

3 

1/3 

1 

10“ 

Aflatoxin-B,  (10)  08:1  (1) 

3 

13 

I 

10“ 

08:1  (1) 

3 

0/3 

0 

Aflatoxin-B,  (10)  d-cGMP  (1) 

2 

1/2 

0 

d-cGMP  ( 1) 

s 

0/2 

0 

Aflatoxin-B,  1 10)  PMA  (1) 

5 

5/5 

i 

10“ 

PMA  (1) 

3 

0/3 

0 

Aflatoxm-Anth  (1) 

4 

4/4 

i 

10“ 

Anth  (1) 

3 

1/3 

i 

10“ 

1  The  carcinogenic  activity  of  Aflatoxin  B.  in  cultures  in  the  presence  ot  added  factors  that  altered  the  response  pattern  a  presented.  The 
exogenous  factors  selected  for  this  study  were  insulin  l  IN)-,  estradiol  (E,);  arachidoruc  aad  (C20:4);  oleic  acid  1 18:1):  dibutvrvi  cyclic  GMP  (d-cGMP); 
phortjol  mynstate  acetate  (PMA):  and  anthrabn  ( Anth),  Each  of  these  factors  was  added  at  point  B  as  described  in  Figure  V  Ten  hours  later,  as  the 
cells  were  entering  S.  aflatoxin  B,  was  added  to  the  cells.  .After  the  treated  cells  had  passed  through  S  both  the  cultures  treated  with  the  factor  atone 
and/or  carcinogen  and  factor  were  removed  t  [8.3  hi  after  point  B  (Fig.  I ).  Column  1  presents  the  concentration  of  the  carcinogen  and  factor  aoded  to 
the  cells.  Column  2  presents  the  number  of  Lines  that  grew  in  soft  agar/number  of  lines  seeded  in  son  agar.  Column  3  presents  the  frequency  obtained 
per  number  of  lines  that  grew  m  soft  agar.  Frequency  is  the  number  of  colonies  formed  m  21  days  per  50.000  cells  seeded  into  an  0.35  agar  overtav 
)  Milo  and  DtPaoio.  1978).  The  results  were  expressed  aj  log  values  to  the  base  10. 


TABLE  III 

EFFECT  OF  EXTRINSIC  FACTORS  ON  GROWTH  OF  TRANSFORMED  CELLS  IN  SOFT  AGAR  AND  TUMOR  FORMATION 

IN  THE  NUDE  MOUSE 


Treated  cell  pewilauons 

Extnnsic  factors 

Frequency  of 
growth  in  soft  agar1 

Growth  m  nude  mouse* 

No.  of  tucceoes 

No.  of  attempt1 

Ailatoxtn  B, 

None 

4 

4 

1.8 

IN 

4 

4 

7,7 

Anth 

4 

5/7 

PMA 

4 

4 

2/8 

E, 

4 

4 

4/11 

00:4 

— 

— 

08:1 

— 

— 

HC 

— 

— 

d-cGMP 

— 

— 

None 

None 

- 

- 

MNNG 

None 

4 

4 

1/11 

IN 

4 

4 

4/5 

Anth 

4 

4 

5/5 

PMA 

4 

4 

3/9 

E, 

4 

4 

2/8 

00:4 

— 

— 

08:1 

— 

— 

HC 

- 

— 

d-cGMP 

— 

— 

None 

None 

— 

— 

Column  one  identifies  the  carcinogen  used  to  treat  each  of  the  transformable  cell  populations.  The  extnnwc  factors  selected  for  this  studv  were 
either  insulin  (IN);  estradiol  (E:);  anthrtun  (Anth);  phorbol  mynstate  acetate  (PMA);  aracftidomc  acid  (C20:4);  oleic  aad  (08:1).  hvdro -cortisone 
(HCV.  ot  dibutyryl-ciclic  GMP  (d-cGMP).  *  The  frequency  of  growth  m  soft  agar  represents  the  number  of  lines  that  grew  in  soft  agar.  Plus  i*i 
represents  100**  of  lines  that  were  seeded  produced  colonies  14-21  days  after  seeding  into  0.33**  soft  agar  over  a  5  ml  2.0°*  agar  base  (see  text  for 
details).  Minus  (-)  none  of  the  lines  seeded  grew  in  soft  agar.  Minimum  number  of  Una  seeded  was  5.  *  Transformed  celts  from  all  i  -H  lines  were 
injected  at  a  cell  concentration  of  5  x  10*  cetls/0  5  mi  into  the  subscapular  region  of  the  irradiated  nude  mouse.  The  tumors  were  allowed  to  grow  to 
i). 6-1.2  cm  m  sue  (Milo  and  DiPaoto.  1978).  No n-rranj formed  ceil  lines  (->  did  not  form  tumors.  ’  This  column  represents  the  number  of  mice  that 
produced  tumors  *  weeks  after  injection  of  the  cell  peck  per  total  number  of  mice  injected  for  a  single  transformed  cell  line  isolated  from  agar.  Repeat 
experiments  wtth  other  transformed  cell  Imes  yielded  similar  results  (4  other  Una  per  treatment)  Control  (untreated  cells)  inocula  did  not  grow  in  soft 
agar  and  when  injected  directlv  from  culture  tlO’  cells  per  moctuum )  into  the  mouse  the  blebts)  regressed  in  24  hours. 


modulation  of  early  stages  of  carcinogenesis 


8  h.  CjH  10T1/2  cells  arrested  in  this  manner,  re¬ 
leased  and  treated  with  MNNG  in  S  phase,  exhibit 
an  increase  in  sensitivity  to  MNNG  and  become 
more  readily  transformed.  However,  isoleucme-de- 
fictent  medium  does  not  block  human  ceils  m  G,. 
Furthermore,  release  of  human  cells  from  block  by 
cell  subpassaging,  after  density-dependent  inhibition 
in  G,  with  carcinogens  over  a  10-h  period,  does  not 
result  in  a  carcinogen-induced  transformation  event. 
In  fact,  the  transformation  of  human  cells  at  early 
passage  levels  is  inhibited  if  the  transformable  ceils 
are  kept  in  a  density-inhibited  state  for  3-16  h  prior 
to  subpassaging.  Moreover,  cultures  held  in  the  G, 
phase  of  the  ceil  cycle  for  more  than  24  h  cannot  be 
transformed  when  treated  with  aflatoxin  B,  or 
MNNG  in  the  S  phase.  A  double  amino-acid-defi- 
cient  medium  (minus  glutamine  and  arginine  I  was 
necessary  to  adequately  block  the  cells  in  G,.  Aug¬ 
mentation  of  the  transformation  occurs  when  IN. 
Anth.  E:,  or  PMA  are  added  to  the  cultures  prior  to 
carcinogen  administration.  The  major  difference  be¬ 
tween  the  effectiveness  of  aflatoxin  B,  and  MNNG 
as  carcinogens  appears  to  be  the  time  at  which  the 
compounds  are  added  to  the  cells  entering  S. 
MNNG  is  more  effective  if  added  early  in  S  (0-4  h 
after  recovery  from  the  amino  acid  block)  while  af¬ 
latoxin  B,  is  more  effective  if  added  from  2  h  before 
S  to  4  h  into  S.  The  incidence  of  transformation  was 
reduced  to  less  than  1  out  of  10  when  these  com¬ 
pounds  were  added  to  the  cells  in  late  S  (4  to  8  h  into  S). 

IN,  PMA,  E:,  and  Anth  modulate  the  expression 
of  other  transforming  agents,  and  the  effects  on 
chemical  carcinogen-induced  carcinogenesis  are  not 
unique.  Enhancement  of  virus-induced  transforma¬ 
tion  by  some  of  the  same  chemical  factors  used  here 
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occur  with  E;  (Milo  et  a if..  1972).  HC  tSchaller  ei  at  . 
1976),  and  PMA  (Weinstein  et  aJ..  19"9).  these 
chemicals  can  interfere  with  semiconservative  DNA 
synthesis  (Milo  and  Hart.  1975)  Modulation  of  cel¬ 
lular  functions  is  not  an  unusual  response  by  ceils  to 
the  presence  of  these  compounds  and  they  obviously 
facilitate  transformation  by  chemical  carcinogens 
This  suggests  that,  as  in  the  3T3  system  described  bv 
Grisham  et  al.  ( 1979),  human  cell  subpopulanons  are 
sensitized  in  S  to  carcinogens  by  amino-acid  depriva¬ 
tion  and  reconstitution.  This  sensitization  is  en¬ 
hanced  by  Anth,  IN.  PMA  or  £.  at  pharmacological 
concentrations  of  the  drugs. 

Many  of  the  compounds  studied  here  iE;.  HC. 
00:3.  00:4.  IN)  are  components  of  tetal  bovine 
serum  and  serve  as  natural  regulatory  agents  of  pro¬ 
liferation;  the  action  of  PMA  has  been  suggested  to 
resemble  that  of  hormonal  agents.  The  pleiotypic 
responses  of  subpopulanons  to  the  carcinogen  treat¬ 
ment  may  be  induced  by  pretreatment  with  PMA. 
E-,  .Anth  or  IN.  Therefore,  after  subsets  of  popula¬ 
tions  have  been  modulated  by  being  kept  in  G,  for 
48  h  or  serially  subpassaged  in  vitro  to  PDL  >5.  the 
cells  no  longer  respond  to  the  extrinsic  factors  in  the 
presence  of  the  carcinogens. 
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SUMMARY 

Routine  in  vitro  cultivation  of  human  epithelial  cells  derived  from  foreskin  and  free  of 
contaminating  fibroblasts  has  been  achieved  without  the  addition  of  conditioned  medium 
or  extrinsic  factors.  Epithelial  cell  populations  could  be  serially  subpassaged  and  exhibited 
modulating  responses  at  PDL5  to  culture  conditions  as  the  cells  passed  from  phase  1 
through  phase  2  of  their  life  span.  The  cell  population  in  early  phase  2  gave  rise  to  tissue 
sheets  that  exhibited  characteristics  typical  of  human  foreskin  epidermis  including  the 
formation  of  distinct  cellular  layers,  viz.  strata  basaiis.  spinosum.  granulosum  and 
comeum.  Typical  keratohyaline  granules  were  not  observed  in  the  epithelial  cells  although 
a  distinct  comified  layer  was  evident.  Ultrastructurallv,  desmosomes  and  tonofilaments 
were  readily  apparent.  Thus,  the  procedure  detailed  in  this  study  will  produce  highly  dif¬ 
ferentiated  fibroblast-free  epidermal  sheets  reaching  several  centimeters  in  size  and  which 
can  be  removed  from  the  substratum  as  a  single  sheet  of  organized  epidermis.  The  epi¬ 
thelial  cells  could  be  cultured  through  20  c:  3  PDL.  whereas  fibroblast  cultures  derived 
from  foreskin  cultures  exhibited  40  z  5  PDL  and  mixed  cell  cultures  of  foreskin  were  car¬ 
ried  through  43  =  5  PDL. 

Key  uords:  epithelial  cells;  human  skin  cultures;  skin  epithelial  cells;  epidermis  culture; 
ultrastructure  of  cultured  epithelial  cells. 


Introduction 

Reproducible  in  vitro  cultivation  of  normal  pro¬ 
liferating  human  epithelial  ceils  has  been  difficult 
to  achieve  with  present  methodologies  and  the 
procedures  developed  to  establish  primary  epi¬ 
thelial  cell  populations  have  resulted  in  a  low  rate 
of  success  1 1-41.  Enhanced  establishment  of  epi¬ 
thelial  cell  populations  from  explants  15.61  occurs 
with  the  addition  of  fibroblasts  or  extrinsic  growth 
factors,  i.e.  products  released  from  cultured  fibro¬ 
blasts  'conditioned  growth  medial  IT),  epidermal 
growth  factor  '31  or  hydrocortisone  '81.  to  the  cul¬ 
tures  or  culture  media.  Recently,  F reeman  et  ai. 


This  work  was  supported  in  part  by  N.I.H.  N.C.I. 
R0I-CA-25QO7  and  Air  Force  Office  of  Scientific  Re¬ 
search  F4>*s20-7:-a>llil. 


'91  reported  that  by  the  use  of  a  dermal  collagen 
bed  derived  from  sterile  pig  skin,  human  epi¬ 
thelial  cell  cultures  were  established  in  129  of  140 
attempts;  the  cultured  epithelial  cells  grew  in  the 
absence  of  fibroblasts  or  their  products  'except 
collagen!.  Earlier,  we  described  a  method  (or  the 
enzymatic  dispersion,  growth  and  serial  subpas¬ 
sage  of  primary  cultures  of  human  fibroblasts  de¬ 
rived  from  foreskin  1 101;  epithelial  colonies  were 
occasionally  noted  in  these  cultures  after  subpas¬ 
sage.  We  have  now  modified  the  culture  technique 
in  a  manner  that  permits  not  only  the  establish¬ 
ment  of  pure  populations  of  human  fibroblasts 
but.  more  importantly,  allows  for  the  successful 
establishment  of  pure  human  epidermal  epithelial 
cell  cultures.  The  human  epithelial  cells  were 
grown  successfully  without  the  addition  of  extrin¬ 
sic  growth  factors  or  collagen  substrata  and  have 


GROWTH  OF  KERaTINOCYTES  IN  VITRO 


21 


been  serially  sub  passed,  fibroblastfree.  on  a 
routine  basis.  Epithelial  ceils  could  be  grown  to 
form  large  multilayered  epidermal- like  sheets  in 
which  the  cells  showed  differentiative  characteris¬ 
tics  consistent  with  those  noted  in  normal  intact 
epidermis  for  a  limited  number  oi  PDL;  i  PDL  5t. 

It  is  the  purpose  of  this  report  to  detail  the 
methodology  used  for  the  routine  culture  of 
human  foreskin  epithelial  cells  1  keratinocytes ) . 
which  grow  to  form  large  multilayer  cell  sheets. 
The  growth  characteristics  and  morphology  of  the 
cultured  cells  also  will  be  described. 

Materials  and  Methods 

Preparation  of  cell  suspensions.  Human  fore¬ 
skin  was  obtained  from  infants  at  the  time  of  cir¬ 
cumcision.  The  epidermis  was  dissected  carefully 
from  the  underlying  connective  tissue  dermis  and 
cut  into  2-mm  pieces  in  MEM- Hanks  balanced 
salt  medium  containing  25  mM  HEPES  buffer  at 
pH  7.2  (iCM)  culture  medium’].  The  tissue  was 
rinsed  three  times  in  this  medium  and  the  tissue 
fragments  transferred  to  20  ml  of  CM  medium 
supplemented  with  20%  fetal  bovine  serum  » FBS) 
containing  0.25%  collagenase  1 1 15  U  per  mg. 
4197  CLS.  Worthington  Biochemical  Corp.. 
Freehold.  New  Jersey  I .  Enzymatic  tissue  disper¬ 
sion  was  done  at  37°  C  in  a  4%  CO;-enriehed  air 
atmosphere  for  5  hr  or  overnight.  Cells  were  re¬ 
covered  from  suspension  by  centrifugation  at 
ISO  x  g  for  7  min  at  4°  C.  The  ceil  pellet  was 
washed  twice  with  CM  medium  and  seeded  into 
75-cm:  flasks.  After  seeding,  the  cell  cultures  had 
to  be  refed  at  48  hr  with  15  ml  of  the  CM  medium 
supplemented  with  20%  FBS.  Three  to  five  days 
later,  cultures  were  observed  for  the  appearance 
of  epithelial  colonies,  and  the  mixed  ceil  cultures 
were  allowed  to  grow  to  confluency.  It  should  be 
noted  that  epithelial  ceil  growth  was  dramatically 
inhibited  by  addition  of  either  penicillin,  strepto¬ 
mycin.  aureomvein  or  fungizone.  Therefore,  anti¬ 
biotics  were  not  added  to  the  culture  medium. 

Preparation  of  epithelial  cell  cultures.  At  con¬ 
fluent  density  or  when  cultures  reached  a  diame¬ 
ter  of  5  to  9  mm.  primary  mixed  cell  cultures  were 
trvpsinized  in  order  to  remove  fibroblasts.  The 
longer  the  cultures  were  left  in  confluent  density, 
the  more  difficult  it  became  to  selectively  remove 
the  fibroblast  population:  16  hr  after  the  cultures 
reached  confluency  proved  an  optimum  time  to  do 
this.  CM  was  removed  from  the  mixed  cell  cul¬ 
tures  and  the  cultures  rinsed  twice.  One  milliliter 
0.1%  trypsin  < Worthington  Biochemical  Corp.. 


lypholized  9300  8AEE  U  per  rag,  lot  TL-3BP)  in 
CM  was  layered  over  the  culture  monolayers. 

After  90  seconds,  the  fibroblasts  floated  off  the 
substratum  while  the  epithelial  sheet  remained 
firmly  attached  to  the  substratum.  The  enzymatic 
action  was  stopped  by  the  addition  of  10%  FBS- 
supplemented  CM.  Residual  fibroblasts  were  re¬ 
moved  by  rinsing  the  flask  twice  with  growth  me¬ 
dium.  These  fibroblasts  were  seeded  in  separate 
culture  vessels  and  subpassed  as  previously  de¬ 
scribed  1 10 1.  The  epithelial  cultures  were  fed  with 
11.5  ml  CM  medium.  1  .5  ml  FBS  and  3  ml  mini¬ 
mum  essential  vitamin  mixture  <  lOOx  concen¬ 
trated)  [CM  plus  vitamin  supplemented  iCM-Vl, 
Microbiological  Associates.  Walkersville.  Mary¬ 
land].  The  reduction  in  supplementation  of  FBS 
from  20  to  10%  or  even  5%  diminishes  the  growth 
rate  of  residual  fibroblasts  while  not  adversely  af¬ 
fecting  the  growth  of  the  epithelial  cells.  Tryp- 
sinization  was  repeated  2  to  4  times  at  3-day  inter¬ 
vals.  Epithelial  cultures  were  allowed  to  grow  for 
at  least  2  weeks  and  were  refed  every  4  davs  with 
CM-V. 

Serial  subpassage  of  epithelial  cells.  Subpas¬ 
sage  was  initiated  within  2  to  4  weeks  after  seed¬ 
ing  of  the  primary  cultures.  In  preparation  for 
subpassage,  the  CM-V'  medium  was  decanted  and 
the  epithelial  cell  sheet  rinsed  with  10  ml  of  Mg'1-. 
Ca’Mree  MEM  containing  0.02%  tetra  sodium 
ethylene  diaminetetraacetate  lEDTA;  Eastman 
Kodak.  Rochester.  New  York)  at  pH  7.2.  Cul¬ 
tures  were  then  treated  with  a  0.1%  trypsin  solu¬ 
tion  in  Mg'1-  Ca'Mree  MEM,  0.02%  EDTA.  for 
90  seconds.  Trypsin  activity  was  neutralized  by 
addition  of  15  ml  of  CM-V  medium  containing 
10%  FBS.  The  epithelial  colonies  lost  continuity 
and  individual  ceils  became  detached  from  the 
substratum.  The  dish  «or  flask)  was  gently  shaken 
increasing  detachment:  free  cells  floated  in  the 
medium. 

The  free-floating  epithelial  cells  were  recovered 
by  centrifugation  at  150  *  g  for  7  min.  and  the 
ceil  pellet  was  resuspended  in  CM-V  medium  sup¬ 
plemented  with  10%  FBS.  After  rinsing  the  pellet 
once  in  CM-V  medium,  the  suspended  cells  were 
seeded  into  25-cnr  flasks  or  plates  at  a  cell  density 
of  50.000  cells  per  cm1.  Subsequent  subpassages 
were  done  in  a  similar  manner.  W  ithin  15  to  20 
min  after  seeding,  the  cultures  were  gently  rotated 
by  hand  for  about  5  min  to  encourage  aggregation 
of  the  single  ceils  before  attachment  to  the  sub¬ 
stratum:  without  this  step  a  noticeable  decrease  in 
the  numbers  of  subsequent  •n-theiiai  colonies  was 
observed. 
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FfO  1.  Colonies  of  epithelial  cell*  aiter  3  week*  after  seeding  300  cell*  per  diah  i25  cmJt.  buffered 
with  formalin  and  stained  with  hematoxylin  eosin.  *,/j. 

FlG.  2.  Colonies  of  human  fibroblast  seeded  at  1000  cell#  per  dish  1 25  cmJ>  from  PDL  2.  fixed  in 
phosphate  buffered  formalin  and  stained  with  hematoxylin  eoain.  *l/i. 
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'  These  cell  populations  exhibit  alterations  in  morphology  js  they  are  senallv  subpassaged. 


Preparation  of  epithelial  anti  fibroblast  cultures 
for  microscopy  Cell  cultures  examined  for  their 
growth  patterns  and  morphology  in  culture  were 
fixed  in  formalin  and  stained  with  hematoxylin. 
For  electron  microscopy,  epithelial  cultures  were 
washed  with  CM  media  and  exposed  to  0.1% 
coilagenase  in  10%  FBS-supplemented  growth 
medium  at  3T°  C  in  4%  CO, -enriched  air  atmos¬ 
phere  (or  4  to  12  hr  in  order  to  free  the  ceils  or 
colonies  from  the  substratum.  These  cell  sheets  '2 
to  30  cm1  in  a  real  were  removed  and  fixed  in  3% 
glutaraldehvde  in  0.15  M  cacodylate  buffer.  pH 
".4.  for  50  min  at  room  temperature  or  overnight 
at  4°  C.  Confluent  cultures  of  fibroblasts  were 
scraped  into  sheets  and  fixed  in  5%  giutaralde- 
hvde.  Cell  preparations  were  subsequently  post- 
osmicated  in  1%  chrome-osmium  tetroxide  for 
I  hr  at  4°  <2.  dehydrated  and  embedded  In 
Araldite.  Thick  1 1  pml  sections  were  stained  with 
l %  basic  fuchsin  in  30%  acetone  or  with  aqueous 
0.1%  toluidine  blue  for  light  microscopy.  Thin 


sections  for  electron  microscopy  were  stained  with 
oranyl  acetate  and  lead  citrate. 


Resilts 

Growth  characteristics  of  epithelial  and  fibro¬ 
blast  populations.  Epithelial  cultures,  freed  of 
fibroblasts,  grew  in  discrete  colonies  i  Fig.  1 1.  Cell 
colonies  at  confluency  formed  large  continuous 
sheets  1 73  cm' 1  in  size.  On  occasion,  the  cell  sheet 
would  spread  up  the  side  of  the  well  or  around  the 
neck  of  the  culture  flask,  a  feature  never  observed 
with  fibroblast  cultures.  Optimal  cell  densitv  for 
seeding  of  epithelial  cultures  was  found  to  be 
30.000  cells  per  cm'  and  a  population  doubling 
occurred  after  14  davs  Oil.  Pure  epithelial  cul¬ 
tures  iPDL  2  to  3)  exhibited  cellular  stratification 
rather  than  forming  true  monolayers:  cells  were 
always  found  to  be  in  contact  or  inttmatelv  at¬ 
tached  with  the  adjacent  cells  of  the  patch  or 
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Flo  Transverse  action  through  the  marginal 
region  of  the  epithelial  *heet  from  cultures  at  PDL  l. 
Note  that  the  number  of  cell  lavers  and  thickness  of  this 
area  is  less  than  in  Fig.  1.  Individual  strata  can  be  seen. 
Stratum  basaiis.  B;  stratum  <pino»um.  5:  stratum 
*ranulosum.  G:  stratum  comeum.  C.  I -urn  Araldite  sec¬ 
tion  stained  with  basic  fuchsin.  OKI. 

sheet.  These  growth  characteristics  were  main¬ 
tained  for  five  PDL  after  which  distinctive 
changes  occurred  in  the  growth  pattern  that  will 


be  detailed  in  a  subsequent  paper.  Fibroblast 
populations  removed  from  the  mixed  foreskin  cul¬ 
tures  and  seeded  on  a  separate  substratum  ex¬ 
hibited  typical  fibroblast  growth  patterns 
I  Fig.  21.  growing  in  definite  parallel  whorl-like 
patterns,  which  were  of  variable  size;  ceils  were 
not  attached  to  one  another.  The  fibroblast 
growth  characteristics  were  maintained  for 
PDL  40  i Table  1 1  when  cloned  from  100  ceils  per 
cmJ  or  at  a  high  density  of  5,000  cells  per  cm*. 
Saturation  growth  density  of  subcultures  of  fibro¬ 
blasts  decreased  from  20.000  cells  per  cm1  ( PDL  1 
to  151 1  early  phase  2 I  to  15.000  ceils  per  cm*  f  PDL 
16  to  31 1  (middle  phase  2).  and  cultures  would  not 
reach  a  confluent  state  after  PDL  32  (Table  11 
(late  phase  2). 

Microscopy  of  the  epithelUl  cell  population. 
Light  microscopic  examination  of  the  epithelial 
colonies  demonstrated  their  stratified  nature 
i PDL  l  to  51.  The  central  region  of  the  colonies 
was  6  to  8  cells  in  thickness  (Fig.  3).  whereas  the 
marginal  zone  was  much  thinner  and  consisted  of 
3  to  5  cell  layers  ( Fig.  41. 


Fig  5.  Epithelial  cells  of  the  basal  iB)  and  spinoaum  'Si  lavers.  Note  filament  (Fl  bundles  and 
riesmoaomee  i Dl.  Several  mttochof'dria  (Ml  are  also  indicated.  Stained  with  uranyi  acetate  and  lead 
citrate.  <27.tM)0. 
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Fig.  b.  Epithelial  cells  from  the  upper  portion  oi  the  spinosum.  Cytoplasmic  filaments  <Fl  and 
desmoeomes  iD>  are  prominent.  Small  cytoplasmic  granules  O'  are  indicated  near  the  plasma  mem¬ 
brane.  Stained  with  uranyl  acetate  and  lead  citrate.  «30.tXW. 


The  structural  organization  of  epithelial  sheets 
was  strikingly  similar  to  that  of  typical  foreskin 
epidermis,  and  distinct  cell  layers  or  strata  as  seen 
in  the  epidermis  were  readily  identified,  viz. 
strata  basalis.  spinosum.  granulosum  and 
corueum  (Figs.  3.+I.  The  stratum  spinosum  of  the 
epithelial  sheets  was  generally  2  to  3  cells  thick 
and  rested  on  a  single  row  of  basal  ceils,  which 
formed  the  stratum  basalis.  The  epidermal  cells  of 
the  stratum  spinosum  were  polygonal  in  contour, 
featuring  abundant  cvtoplaamic  filaments.  Junc¬ 
tional  zones  were  evident  between  cytoplasmic 
processes  of  adjacent  ceils.  Prominent  cyto¬ 
plasmic  granules,  which  stained  intensely  with 
basic  fuchsin  and  with  toiuidine  blue,  character¬ 
ized  the  flattened  cells  comprising  the  stratum 
granulosum:  this  stratum  varied  from  one  to  two 
cells  in  thickness.  The  most  superficial  cell  layer, 
the  stratum  corneum.  was  one  to  two  cells  in 
thickness.  These  cells  were  quite  flat,  lacked 
nuclei  and  their  cytoplasm  appeared  amorphous 
and  stained  poorly;  granules  were  not  visible  in 
the  cytoplasm.  The  surface  of  the  comified  cells  in 
direct  contact  with  the  culture  medium  appeared 
thickened  and  waa  darkly  stained.  In  some  In¬ 
stances.  the  superficial  cells  of  the  epithelial  sheet 
were  partially  separated  from  the  underlying 
cells.  Fibroblasts  were  not  observed  either  by  light 
or  electron  microscopy  in  epithelial  sheet  cultures. 

UltrastructuralJy.  the  cells  of  the  strata  basalis 
and  spinoaum  exhibited  extensive  arrays  of  fila¬ 
ment  Itonofilaraentsl  bundles  in  their  cytoplasm; 


desmosomes  that  joined  adjacent  epithelial  cells 
were  common  (Figs,  5.61.  Epithelial  cells  from 
these  ceil  zones  had  numerous  mitochondria,  scat¬ 
tered  profiles  of  rough  endoplasmic  reticulum  and 
Golgi  complexes  of  modest  size.  The  number  of 
polysomes  and  the  electron  density  of  the  cyto¬ 
plasmic  matrix  were  generally  greater  in  basal 
cells  than  in  the  cells  of  the  stratum  spinosum. 
Epithelial  cells  comprising  the  stratum  granu¬ 
losum  I  Figs.  7.8)  varied  moderately  in  their  ultra- 
structure.  Cytoplasmic  filaments  of  these  cells 
were  less  clustered  than  noted  in  the  stratum 
spinosum.  and  the  filaments  tended  to  be  aligned 
along  the  long  axis  of  the  cell.  Desmosomes  were 
common  but  filament  attachment  to  these  struc¬ 
tures  were  less  evident  than  seen  in  the  stratum 
spinosum.  The  discrete  cytoplasmic  granules  evi¬ 
dent  by  light  microscopy  in  the  granulosa!  cells 
were  quite  conspicuous  at  the  electron  micro¬ 
scopic  level.  These  structures  appeared  as  large, 
irregularly  shaped,  membrane-bound  granules 
i  Figs.  8-101.  which  varied  in  size,  electron  densitv 
and  internal  structure.  Small  membrane-bound 
vesicles  and  myelin  figures  (Fig.  71  were  com¬ 
monly  found  within  these  granular  structures, 
which  indicates  morphologically  their  similarity 
to  secondary  lysosomes  and  lipofuchsin  granules, 
or  both.  Transitional  stages  in  the  formation  of 
these  Ivsosomal-like  granules  were  noted  in  some 
granular  ceils  and  occasionally  in  cells  of  the 
stratum  spinoaum.  which  were  in  direct  apposi¬ 
tion  with  the  ceils  of  the  stratum  granulosum 
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i  Fig.  91.  Typical  keratohyaline  granules  were  not 
observed  in  the  epidermal  cells  although  present 
in  the  native  foreskin  epidermis.  Relatively  few 
mitochondria  were  present  in  the  epithelial  cells  of 
the  stratum  granuiosum  and  nuclei  were  uncom¬ 
mon  in  this  layer  of  the  cultured  epithelial  sheets. 
Small  electron-dense.  round-to-oval.  membrane- 
bound  granules  with  electron  lucent  clefts  or  zones 
i  Figs.  6.71  provided  an  additional  morphological 
feature  of  the  granular  cells  and  cells  of  the 
stratum  spinosum  in  immediate  apposition  to  the 
stratum  granuiosum.  It  is  noteworthy  that  these 
small  granules  concentrated  along  the  plasma 
membrane  on  the  side  of  the  cell  directed  toward 
the  stratum  coraeum.  These  small  granules 
closely  resemble  morphologically,  and  by  posi¬ 


tion.  the  mucus-coating  granules  i.MCGl  de¬ 
scribed  in  normal  epidermis. 

The  most  superficial  layer  of  the  epidermal 
sheet  1 Figs.  7.  101  resembled  the  typical  stratum 
coraeum  of  foreskin  epidermis,  although  this 
stratum  was  only  one  to  two  ceils  thick  in  the  cul¬ 
ture  preparations.  The  cells  were  quite  flattened 
and  lacked  nuclei  and  cell  organelles.  Tonofila- 
ments  were  abundant,  oriented  parallel  to  the 
long  axis  of  the  cell  and  embedded  in  an  amor¬ 
phous  material  of  low  electron  density  iFig.  101. 
The  plasma  membrane  was  thickened  when  com¬ 
pared  to  the  cell  membranes  of  other  cells  of  the 
epidermal  sheet.  Modified  desmoeomes.  similar 
to  the  modified  desmoaomes  described  for  normal 
epidermis,  were  evident  between  the  cornified 


Fio  7.  Superficial  portion  of  the  epithelial  sheet  show*  a  cornified  cell  'Cl  and  several  ceila  of  the 
stratum  granuiosum.  t'econdarv  lysoaomes  or  lipofuchsin  granule*  iLi  *re  evident.  In  addition,  note 
the  small  granules  iOi  concentrating  near  the  plasma  membrane,  stained  with  uransl  acetate  and  lead 
citrate.  *- 1.000. 
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Fig  8.  Higher  magnification  of  the  secondary  lysoaomee  or  lipofuchsin  granules  i  Ll  of  granular  cell 
in  the  stratum  granuloeum  demonstrates  their  variable  internal  structure.  Desmosomes  are  shown  at  D 
and  a  portion  of  an  epithelial  cell  iCt  of  the  stratum  comeum.  Stained  with  uranyi  acetate  and  lead 
citrate.  *27.000. 


i  keratinized  I  cells.  Transitional  forms  between 
typical  granulosa!  cells  and  the  superficial  comi- 
fied  cells  were  found. 

Morphology  oj  the  fibroblast  population. 
Fibroblast  cultures  derived  from  the  mixed  cul¬ 


tures  of  foreskin  appeared  quite  distinct  I  Fig.  1 1 1 
from  the  cells  of  the  epithelial  colonies  and  sheets. 
Most  of  these  cells  occurred  singly.  Cells  in  con¬ 
tact  with  one  another  were  not  attached  by  desmo¬ 
somes.  Fibroblasts  contained  both  smooth  and 


FtO  0.  Epithelial  cell  located  at  the  junction  of  the  stratum  spinosum  and  granulosum.  Note 
morphological  stages  in  the  formation  of  the  large  secondary  lysosomes  or  lipofuchsin  granules  'Ll. 
Cytoplasmic  filaments  'Fi  and  mitochondria  I  Ml  are  indicated,  stained  with  uranyi  acetate  and  lead 
citrate.  *44.000. 
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rough  endoplasmic  reticulum.  The  rough  en do- 
plum  ic  reticulum  >u  frequently  distended  end 
such  profiles  hsd  few  stuched  ribosomes.  Mito¬ 
chondria  were  numerous  and  glycogen  wu  abun¬ 
dant:  autophagic  vacuoles  were  present.  At  higher 
magnifications,  cytoplasmic  filaments  were  evi¬ 
dent  but  were  leu  numerous  than  in  the  epithelial 
cell  and  did  not  form  discrete  bundles  u  seen  in 
the  epithelial  cell  cultures. 

Discussion 

We  have  been  able  to  culture  and  serially  sub- 
pass  epithelial  cells  derived  from  normal  and 
human  foreskin.  Pure  epithelial  cultures  free  of 
contaminating  fibroblasts  were  obtained  and 
maintained  in  typical  epithelial-like  cultures 
through  five  PDL.  Epithelial  growth  patterns 
were  distinctive,  and  cell  colonies,  when  grown  to 
confluency.  formed  large  sheets  several  layers  in 
thickness  with  adjacent  cells  joined  by  desmo- 
somal  junctions.  Self-limiting  islands  of  epithelial 
cells  surrounded  by  fibroblasts,  noted  by  others 


using  alternative  procedures  to  prepare  epithelial 
ceil  cultures  in  vitro  l7.9, 12-151,  were  not  ob¬ 
served  in  thia  study.  Cells  comprising  the  epi¬ 
thelial  sheets  exhibited  differentiative  changes 
Identical  to  thou  occurring  in  normal  epidermis 
of  the  intact  foreskin.  Distinctive  celt  strata  were 
observed  in  the  epithelial  cultures.  Epithelial  cella 
or  keratinocytes  possessed  tonofil aments,  desmo- 
somal  junctions  and  mucus-coating  granules. 
Thickened  cell  membranes  of  the  enucleated 
superficial  cornified  cella  plus  modified  desmo- 
somea  and  organized  tooofilaments  in  an  amor¬ 
phous  matrix  characterized  these  fully  differenti¬ 
ated  surface  epithelial  cells  1 19).  Differentiative 
changes  in  each  cell  strata  of  the  cell  sheets  were 
identical  with  thou  seen  in  normal  epidermis  ex¬ 
cept  that  keratohyaiine  granules  i20l  were  absent 
in  the  stratum  granulosum:  however,  secondary 
lysosomes  or  lipofuchsin  granules  were  a  con¬ 
spicuous  feature  of  the  cells  of  the  stratum  granu¬ 
losum  of  the  epithelial  cultures.  The  absence  of 
keratohyaiine  granules  may  reflect  the  cell's  in¬ 
ability  to  synthesize  these  granules  while  rapidly 


Fro.  10.  Note  the  tooof ilaments  I  F  t  have  aseiuned  an  orientation  along  the  long  axis  of  the  cells  of  the 
stratum  granulosum.  Deemoeomee  D I  and  secondary  lysoeomee  'Ll  are  evident.  The  plasma  mem¬ 
brane  of  cornified  cell  IC)  ia  thickened  and  fine  filaments  are  embedded  in  an  amorphous  matrix  in  this 
superficial  cell  of  the  epithelial  sheet,  burned  with  uranyl  acetate  end  lead  citrate.  *29,000. 
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Flo  II.  Cultured  fibroblasts  derived  from  the  mixed  cultures  are  morphologically  distinct  from  the 
■  ells  oi  the  epithelial  sheets.  There  are  no  desmosomes  and  fee  filaments  can  be  distinguished.  Mito¬ 
chondria  are  numerous,  scattered  dilated  cistemae  are  evident  and  a  number  of  small  vacuoles  are 
present  in  the  cytoplasm:  glycogen  >Gl  is  a  common  feature  of  these  .  ells,  .'tamed  vsith  uranvl  acetate 
and  lead  citrate.  *  l  7.000. 


proliferating  or  because  of  in  vitro  culture 
conditions. 

\  ariabte  degrees  of  success  have  been  reported 
in  the  propagation  of  normal  human  epithelial 
cells,  particularly  those  from  human  epidermis  or 
skin.  Explant  culture  of  human  epidermis  com¬ 
monly  exhibited  fibroblastic  growth  in  association 
with  the  epithelial  outgrowths  suggesting  that 
fibroblast  interaction  was  necessary  for  achieving 
epithelial  propagation  and  differentiation  1 16).  In 
the  system  described  here  the  presence  of  fibro¬ 
blasts  does  not  enhance  growth  ot  the  epithelial 
cell  population.  On  the  contrary,  fibroblasts, 
when  left  in  mixed  cell  cultures,  overgrow  the  epi¬ 
thelial  ceils,  thereby  inhibiting  epithelial  growth. 
After  contaminating  fibroblasts  from  mixed  pri¬ 
mary  cultures  of  human  foreskin  were  removed  by 
selective  trypsinization.  we  were  able  to  subpas¬ 
sage  the  pure  epithelial  cell  population  up  to  five 
PDL  without  morphological  alteration.  Others 
ilTI  were  able  to  subpass  normal  adult  skin 
through  four  subpassages  with  modest  differentia¬ 
tion  evident  in  the  culture  strata. 


Growth  of  human  cell  populations  can  be  af¬ 
fected  by  the  composition  of  the  fetal  bovine 
serum  Mot.  Traditionally,  we  characterize  M8l 
the  fetal  bovine  serum  prior  to  use  on  human  cell 
populations.  In  addition,  we  have  found  that  se¬ 
veral  types  of  antibiotics  inhibited  the  establish¬ 
ment  of  proliferating  epithelial  cell  cultures.  We 
have  found  that  the  growth  characteristics,  cell  at¬ 
tachments.  proliferative  characteristics  and  life 
span  of  the  cultured  epithelial  ceils  from  human 
foreskin  were  finite  and  were  markedly  different 
from  cell  cultures  arising  from  a  mixed  cell 
population.  Fibroblast  cultures,  derived  from  in¬ 
fant  foreskin  subcultures,  when  grown  to  conflu- 
ency.  ceased  to  grow  except  at  terminal  points  of 
the  whorling  patterns:  overlapping  of  cells  only 
occurred  at  these  sites.  In  contrast,  epithelial  cells 
grew  in  concentric  ring  patterns  and  were  se¬ 
veral  ceils  in  thickness. 

Preliminary  comparison  of  growth  characteris¬ 
tics.  as  noted  in  Table  1.  indicated  that  the  life 
spans  of  epithelial  ceil  populations  were  different 
in  extent  of  proliferation  from  fibroblast  PDL. 
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Moreover,  the  epithelial  cell  populations  did  ex¬ 
hibit  characteristic  senescent  features  in  vitro. 
These  cell  populations,  like  the  fibroblasts, 
passed  through  phases  l  and  2  *11)  as  seen  by 
Karasek  and  Liu  il9).  They  did  not  exhibit 
saturation  density-dependent  inhibition.  The 
piling  up  of  the  epithelial  cells  into  strata  (-0,21 1 
may  account  for  the  increase  in  numbers  of  ceils 
observed  in  the  epithelial  cultures.  We  have  found 
that  foreskins  from  adults  can  produce  a  ready 
source  of  keratinoevte  cells  that  can  be  grown  in 
v  itro  using  the  method  described  here.  These  epi¬ 
thelial  cell  populations  also  exhibit  the  growth 
characteristics  associated  with  tissue  in  phase  2 
and  differentia  live  structures  similar  in  anatomi¬ 
cal  characteristics  to  skin  epidermis.  This  differ- 
entiative  tissue  produced  in  vitro  does  not  require 
added  extrinsic  factors,  such  as  epidermal  growth 
factor,  pituitary  extract,  conditional  growth  me¬ 
dium.  hydrocortisone  or  the  presence  of  collagen 
to  restrict  the  proliferation  of  fibroblasts. 
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SUMMARY 

Previous  work  with  low  passage  synchronized  human  foreskin  fibroblast 
cell  populations  has  indicated  that  benzo[o]pyrene  (BP)  can  induce  a  car¬ 
cinogenic  event  [3].  BP  additionally  has  shown  to  damage  DNA  in  log¬ 
arithmically  growing  low  passage  cultures  [9].  High  passage  cells,  on  the 
other  hand,  seem  to  be  refractory  to  transformation  by  BP,  even  though 
this  agent  can  induce  DNA  damage,  similar  to  that  seen  in  low  passage 
cells.  When  low  passage  cells  were  treated  with  BP,  the  initial  binding  of  the 
hydrocarbon  was  primarily  to  a  cytoplasmic  protein  complex  of  molecular 
weight  12,500,  while  in  high  passage  ceils,  a  major  portion  of  BP  was  bound 
to  a  protein  complex  of  molecular  weig'  1,000.  High-pressure  liquid 
chromatography  (HPLC)  profiles  of  :h-  ntate  extractable  fractions 
from  the  BP-cytoplasmic  protein  c<  ; '  .'xe-.  ’n  and  high  passage  cells 
demonstrated  that  the  majority  oi  '...e  HP  remained  unmetabolized.  When 
nuclei  were  isolated  from  low  and  high  passage  cells  prior  to  the  HPLC 
analysis,  the  major  component  (90%)  was  again  unmetabolized  BP.  The 
results  suggest  selective  attachment  of  BP  to  different  cytoplasmic  protein 
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hydroxy  BP;  BP-1, 5-diol,  4, 5-dihydro-4, 5-dihydroxy  BP;  BP-7, S-dioL  7,3-dihydro-7,8- 
dihydroxy  BP;  BP-11,  12-diot,  II,  12-dihydro- 11, 12-dihydroxy  BP. 
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complexes  of  logarithmically  growing  human  diploid  fibroblast  cells  de¬ 
pendent  on  the  passage  level  of  the  cells. 


INTRODUCTION 

Polynuclear  hydrocarbons  (PNH)  are  a  class  of  molecules  which  must 
be  activated  to  reactive  metabolites  in  order  to  function  as  mutagens  or 
carcinogens.  This  activation  involves  the  conversion  of  polynuclear  hydro¬ 
carbons  (PNH)\  such  as  BP,  to  dihydrodiols,  epoxides,  phenols,  quinones 
and  water  soluble  conjugates  [4—6,12,13],  The  7,S-dihydrodiol-9, 10-epox- 
ide  of  BP  has  been  shown  to  be  the  major  reactive  metabolite  bound  to 
DNA  [14];  BP  7,8-dihydrodiol-9,10  epoxide  (anfi)  deoxyguanosine  is  the 
major  DNA  adduct  formed  in  human  and  bovine  bronchial  explant  tissue 
[7].  The  formation  and  cellular  processing  of  this  covalent  DNA  adduct 
is  suspected  to  be  a  crucial  event  in  BP-induced  carcinogenesis. 

Earlier  reports  from  our  laboratory  have  shown  that  BP  absorbed  into 
human  neonatal  foreskin  (HNF)  cells  in  culture  and  first  accumulates  :n 
the  cytoplasm  [3].  Labelling  of  the  cells  with  L-[4,5-JH]leucine  before 
treatment  with  ( 7,10-|4C]BP  indicated  that  the  PNH  is  initially  bound  to 
a  cytoplasmic  protein  complex  (unpublished  data).  Distribution  of  the  BP 
into  the  nucleus  of  Created  cells  occurs  12  h  later  [3].  Moreover,  BP  treatment 
of  HNF  cells  neoplastically  transforms  them  at  passage  level  5  i  low  passage 
cells i ,  but  does  not  transform  cells  above  passage  level  10  thigh  passage 
cells)  [8].  Optimum  transformation  is  observed  when  low  passage  cells 
are  treated  with  BP  12—24  h  prior  to  entering  the  S  phase;  this  treatment 
causes  3.0  breaks/10s  daltonsof  DNA  [9],  The  time  required  for  optimum 
BP-mduced  DNA  damage  coincides  with  the  specific  tune  period  in  winch 
optimum  BP  enhancement  of  focus  formation  occurs  in  SV-40  infected 
transformable  cells,  i.e.,  treatment  of  the  cells  with  BP  12  24  h  prior  to 
infection  has  been  shown  to  enhance  focus  formation  2-fold  [11].  Since 
SV-40  (viral)  DNA  does  not  need  to  replicate  in  order  to  be  integrated 
into  the  host  cell  DNA,  these  observations  support  the  concept  that  parent 
(unmetabolized)  BP  is  directly  involved  in  the  transformation  process 
within  the  nucleus.  This  report  presents  studies  on  the  nature  of  association 
of  BP  with  the  cytoplasmic  protein  complex  and  nuclei  from  low  and  high 
passage  cells,  12  -24  li  following  the  initiation  of  treatment. 

MATERIALS  AND  METHODS 

Preparation  and  isolation  of  BP-cytoplasmic  protein  complex 

All  extraction  procedures  were  carried  out  under  argon  and  red  light  to 
reduce  photoxidation  and  autoxidation. 

Passage  5—25  HNF  cells  were  grown,  serially  subpassaged,  and  treated 
with  BP  as  described  earlier  [3],  After  seeding  48—72  h  (40 — SO0)?  cell 
cunflui'm-y).  the  growth  medium  was  replaced  with  a  carcinogen-supple¬ 
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merited  medium  containing  0.125—26  y.M  [G-3H]BP  (16—40  Ci/mmol). 
After  12  h  of  treatment,  the  cells  were  harvested  and  washed.  The  650  Xg 
ceil  pellet  [3)  was  homogenized  in  2  ml  of  Buffer  A  and  centrifuged  at 
100,000  <g  for  1  h.  The  cytoplasmic  fraction  was  partitioned  with  dextran- 
coated  charcoal  in  Buffer  A,  and  2  ml  (0.2--0.3  mg/ml  protein)  of  the 
[G-3H]BP  protein  complex  was  applied  to  a  Sephadex  G-200  column 
( 58  X  0.9  cm).  Elution  of  0.5  ml  fractions  was  earned  out  with  50  ml  of 
Buffer  A  at  a  flow  rate  of  15  ml/h.  An  aliquot  of  each  fraction  was  removed 
and  the  radioactivity  assayed  in  a  Packard  Tri-Carb  liquid  scintillation 
counter  at  a  tritium  counting  efficiency  of  38%. 


HPLC  of  [G-'HJBP  metabolites 

Preconfluent  cells  were  exposed  to  0.072  [G-3H]BP  (1  mCi/ml, 

27  Ci/mmol)  for  12  h  and  a  100,000  Xg  fraction  was  prepared  as  described 
above.  For  the  nuclear  metabolite  profiles,  cells  were  treated  with  26  juM 
[G-3H]BP  (1  mCi/ml,  27  Ci/mmol)  for  24  h,  and  nuclei  were  prepared  by 
a  modification  of  the  procedure  of  Chaveau  et  al.  [2],  The  nuclear  pellet 
was  suspended  in  Buffer  B  and  contrast-interference  Nomarski  microscopic 
examination  of  the  nuclear  suspension  indicated  a  35%  recovery  of  nuclei. 

Extraction  of  either  the  BP-cytoplasmic  protein  complex  or  the  nuclear 
fraction  was  completed  with  3  vols.  of  ethyl  acetate  in  the  presence  of 
0.8  mg/ml  BHT;  the  organic  phase  was  passed  over  anhydrous  sodium  sulfate, 
filtered,  dried  under  argon  and  dissolved  in  0.5  ml  of  acetone/methanol 
(2:1  v-v).  .Aliquots  were  removed  for  counting  and  the  remaining  sample 
was  dried  under  argon  and  stored  at  —  90~C.  The  sample  was  reconstituted 
with  methanol/acetone, DMSO  (2  .1:1  by  vol.),  non-radioactive  BP  meta¬ 
bolite  standards  added,  and  the  extract  chromatographed  on  a  Dupont 
Instruments  Model  848  High  Pressure  Liquid  Chromatograph  with  4  mm 
:<  30  cm  u-Bondapak  C,5  column  (Waters  .Associates)  using  an  isocratic 
elution  solvent  of  methanol/water/ethyl  ether  (66.3  :  30.4  :  3.3,  by  vol.) 
at  a  flow  rate  of  1.4  ml,  min.  The  effluent  was  monitored  by  UV  spectro¬ 
metry  to  identify  metabolites,  which  were  quantitated  by  collecting  appro¬ 
priate  fractions  of  the  effluent  for  liquid  scintillation  analysis.  Six  second 
fractions  were  collected  for  11—12  min,  then  12-s  fractions  were  collected 
for  3  9  min  and  lastly,  60-s  fractions  were  collected  until  the  completion 
of  the  chromatographic  run.  Typical  retention  times  in  minutes  for  each 
metabolite  were:  BP-9, 10-diol,  3.6;  BP-4, 5-diol,  5.5;  BP-11, 12-diol,  5.8; 
BP-7, S-diol,  6.5;  bP-l,6-quinone,  8.6;  BP-11,1 2-quinone,  9.1;  BP-3, 6-qui- 
none,  9.6 ;  BP-6,1 2-quinone,  11.0;  BP-9-phenol,  16.5;  BP-3-phenoi,  19.1; 

BP,  37.5.  The  overall  recovery  of  radioactivity  from  the  column  was  greater 
than  90%. 

RESULTS 

[G-3H] BP-protein  complexes  isolated  from  the  cytoplasm  of  low  and 
high  passage  ceils  were  chromatographed  on  a  Sephadex  G-200  column. 
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Fig.  1.  Sephadex  G-200  chromatography  of  a  [G-’HJBP-cytoplasmic  protein  complex 
from  low  passage  cells.  The  cytoplasmic  fraction  was  prepared  from  passage  5  HNF 
cells  treated  with  (G-'H]BP  for  12  h.  50,000  dpm  were  applied  to  a  Sephadex  G-200 
column  (58  «  0.9  cm)  and  eluted  with  0.01  M  Na  phosphate  —  0.3  M  Tris— HC1  —  2.5 
mM  Na.EDTA  —  5  rruM  DTT  (pH  7.5).  0.5-ml  fractions  were  collected  and  the  radio¬ 
activity  was  assayed.  Blue  Dextran  —  200,000;  Aldolase  —  158,000  ,  Bovine  Serum 
Albumin  —  67,000;  Hen  Egg  Albumin  —  -15,000;  Chymotrypsinogen  —  25,000;  and 
Cytochrome  c  —  12,500  served  as  molecular  weight  standards. 


«  Ceitron 


Fig.  2.  Sephadex  G-200  .chromatography  of  a  [G-’H]BP-cytoplasmic  protein  complex 
from  high  passage  cells.  The  cytoplasmic  fraction  was  prepared  from  passage  25  HNF 
cells  treated  with  [G-‘H  JBP  for  12  h.  100,000  dpm  were  applied  to  a  Sephadex  G-200 
column  (58  *  0.9  cm)  and  0.5  mi  fractions  were  collected  as  described  under  Fig.  1. 
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[n  low  passage  cells,  a  major  portion  of  BP  was  associated  with  a  protein 
complex  of  molecular  weight  12,500.  The  ratio  of  area  under  the  low 
molecular  weight  peak  to  the  high  molecular  weight  peak  was  6  5  t  Fig.  1 ) 
In  high  passage  cells,  a  major  portion  of  BP  was  associated  with  a  protein 
complex  of  molecular  weight  200.000  and  the  ratio  of  the  area  under  the 
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Fit^.  3.  HPLC  profiles  of  the  ethyl  acetate  extractable  radioactivity  from  the  total  cyto¬ 
plasmic  protein-hydrocarbon  complexes  of  low  and  high  passage  cells.  Non-radioactive 
BP  metabolite  standards  were  cochromatographed  with  the  radioactive  extract  for  meta¬ 
bolite  identification.  An  isocratic  elution  solvent  of  methanol water/ethy I  ether  (66.3 
30.4  3.3,  by  vol. )  was  employed  at  a  flow  rate  of  1.4  ml/min  and  fractions  collected 

for  liquid  scintillation  spectrometry.  (See  Material  and  Methods  for  details.)  Upper 
pane!  Profile  of  the  organic  extract  of  (G*  H  )BP-total  cytoplasmic  protein  complex 
from  high  passage  human  diploid  fibroblasts.  A  total  of  6300  dpm  were  applied  to  the 
column.  Lower  panel:  profile  of  the  organic  extract  of  [G-rH  JBP-eytopiasmic  protein 
complex  isolated  from  low  passage  human  diploid  fibroblasts.  A  total  of  4000  dpm 
were  applied  to  the  column.  Note  the  discontinuity  in  the  retention  time  scale. 


high  molecular  weight  peak  to  the  low  molecular  weight  peak  was  1.8 
( Fig.  2). 

The  total  cytoplasmic  protein  complex  isolated  from  low  passage  human 
fibroblast  cells  exposed  to  [G^HIBP  was  extracted  with  ethyl  acetate,  and 
the  non-covalently  bound  hydrocarbon  and  its  metabolites  were  co-chro- 
matographed  on  a  reverse  phase  column  by  high-pressure  liquid  chromato¬ 
graphy  vvith  authentic  reference  standards.  In  the  metabolite  profiles  of 
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Fig.  4.  HPLC  profiles  of  the  ethyl  acetate  extractable  radioactivity  from  nuclei  of  low 
and  high  passage  human  diploid  fibroblasts  exposed  to  [G-:H]BP.  Non-radioactive  BP 
metabolite  standards  were  cochromatographed  with  the  radioactive  extract  for  meta¬ 
bolite  identification.  (See  Fig.  3,  Materials  and  Methods  for  details).  Upper  panel:  profile 
of  the  organic  extract  from  nuclei  of  high  passage  cells.  A  total  of  1.263  *  10*  dpm 
were  applied  to  the  column.  Lower  panel:  Profile  of  the  organic  extract  from  nuclei 
of  low  passage  cells.  A  total  of  580.350  dpm  were  applied  tc  the  column.  BP-11, 12- 
diol  and  3P  1 1 , 1 2-quinone  cochromatographed  with  3P-4,5-diol  and  BP  3.6-quinone, 
respectively. 
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BP-treated  low  passage  cells  (Fig.  3),  unmetabolized  BP  was  the  only  radio- 
labeled  fraction.  Similar  results  were  obtained  with  BP  radioactivity  isolated 
from  the  total  cytoplasmic  protein  complex  of  high  passage  cells,  except  that 
a  small  peak  of  radioactivity  eluted  prior  to  the  BP-9,  10-diol  (Fig.  3). 

The  radioactivity  associated  with  isolated  nuclei  of  low  and  high  passage 
cells  treated  with  (G-;|H]BP  was  chromatographed  as  described  above  (  Fig. 

4).  The  nuclei  from  high  passage  cells  had  radioactivity  which  co-chromato- 
graphed  with  BP-1,  6;  3,6  and  6,1 2-quinones  and  BP-9-phenol;  89%  of  the 
counts  were  associated  with  BP;  however,  the  radioactivity  isolated  from 
[G-JH)8P-treated  low  passage  cells  co-chromatographed  with  BP-9-phenol, 
with  90%  of  the  counts  eluting  with  BP.  The  unknown  peaks  at  2.4  and 
4.5  min  represent  void  volume  radioactivity  ( pre-BP-9, 10-diol)  and  an 
unidentified  metabolite,  respectively.  Co-chromatography  with  BP-11,1 2- 
diol  and  BP-11, 12-quinone  indicated  that  the  4.5  min  peak  represented 
neither  of  these  potential  metabolites. 

DISCUSSION 

When  low  passage  HNF  cells  are  treated  with  BP,  the  PNH  accumulates 
in  the  cytoplasm,  before  localizing  in  the  nucleus  24  h  after  exposure. 
Sephadex  G-200  gel  chromatographic  separation  of  the  cytoplasmic  protein 
complexes  from  low  passage  and  high  passage  cells  indicated  the  distribution 
of  BP  between  protein  complexes  of  molecular  weights,  12,500  and 
200,000.  In  low  passage  cells,  the  amount  of  BP  associated  with  the  low 
molecular  weight  protein  complex  was  4  -7  times  that  associated  with 
the  high  molecular  weight  protein  complex.  However,  in  high  passage  cells, 
the  amount  of  BP  associated  with  the  high  molecular  weight  protein  com¬ 
plex  was  0.8— 1.8  times  that  associated  with  the  low  molecular  weight 
protein  complex.  HPLC  analysts  of  the  BP  radioactivity  separated  from 
the  BP-total  cytoplasmic  protein  complex  of  low  passage  and  high  passage 
cells  indicated  that  the  major  fraction  was  the  parent  BP.  This  is  in  con¬ 
trast  to  a  previous  study  [10],  in  which  active  metabolites  of  3'-methyl- 
4-dimethyl  amino  azobenzene  were  shown  to  bind  to  a  cytosol  protein 
complex  from  rat  liver.  It  was  also  interesting  to  observe  that  unmetabolized 
[G-JH)BP  made  up  the  major  fraction  of  the  PNH  associated  with  the  nuclei 
from  low  passage  and  high  passage  cells.  The  minor  peaks  observed  in  the 
HPLC  metabolite  profiles  may  be  a  result  of  autoxidation  of  the  sample, 
although  all  procedures  were  performed  under  red  light,  argon,  and  in  the 
presence  of  an  antioxidant. 

We  have  observed  minor  differences  in  the  metabolites  non-covalently 
bound  to  DNA,  in  low  and  high  passage  cells.  .Also,  as  described  above, 
we  have  observed  binding  of  BP  to  different  cytoplasmic  protein  com¬ 
plexes  in  low  and  high  passage  cells.  The  transport  of  BP  into  the  nucleus 
of  these  cells  may  involve  an  activation  of  the  BP-cytoplasmic  protein 
complex,  similar  to  that  observed  wuh  the  steroids.  Only  binding  of  BP 
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to  the  lower  molecular  weight  protein  complex  ( the  predominant  complex 
in  low  passage  cells)  may  result  in  an  activation  of  the  complex.  Therefore, 
the  accessability  of  BP  metabolites  to  specific  nuclear  binding  sites  in  low 
and  high  passage  cells  may  be  different  and  may  account  for  the  suscepti-  1 

bility  or  refractoriness  to  BP-induced  carcinogenesis  of  human  fibroblast 
cells  in  vitro. 
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I.  INTRODUCTION 

The  following  procedure  has  been  successfully  applied  to  many  different  human  tissues.  Tissue 
samples  are  obtained  from  cooperating  hospitals.  Using  the  collection  techniques  described  iiere. 
we  can  retain  excellent  viability  from  96  hr  up  to  5  days  (postcollection)  depending  on  the  tissue  of 
choice  and  source  of  tissues.  The  use  of  this  procedure  permits  the  establishment  of  epithelial  cell 
cultures  from  cell  suspensions  not  requiring  explant  growth  or  the  addition  of  extrinsic  modulat¬ 
ing  growth  factors.  Moreover,  epithelial  cell  colonies  can  be  produced  at  a  low  density  or  high 
density  directly  from  the  cell  suspension. 

Key  words:  primary;  epithelial  cells;  cell  suspensions. 


II.  MATERIALS 

Minimum  essential  medium  (MEM)  Eagle 
with  Hanks'  salts  (HBSS)  (GIBCO1)  and 
25  mM  HEPES;  without  glutamine  and 
NaHCOj.  To  100  ml  of  the  medium,  add  1  ml 
non-essential  amino-acid  mixture  (10  mM, 
Micro1),  1ml  sodium  pyruvate  (100  mM 
solution1),  0.1  ml  Gentocin  (50  mg  per  ml, 
Schering1).  1  ml  L-glutamine  (200  mMJ),  and 
titrate  with  8.8%  NaHCO,  solution  (sterile, 
carbonate-free)  to  pH  7.2.  Designated  com¬ 
plete  growth  medium  (CM). 

MEM  Eagle  without  magnesium  and  cal¬ 
cium1  (not  supplemented  unless  mentioned 
in  Procedure  section),  for  suspension 
(spinner)  cultures.  Designated  spinner 
medium  (SM). 

Dulbecco’s  LoCal  medium.  Biolabs.'  Supple¬ 
ment  exactly  as  CM.  Designated  LoCal. 

Trypsin,  lyophilized.  No.  TL  13  BP  Wor¬ 
thington1  (1%  solution  made  up  in  MEM 
Eagie  HBSS  medium) 


'  Grand  [aland  Biological  Co..  Grand  Island  NY. 

1  Microbiological  Associates,  Walltarsvilla  MD. 

'  Schering  Veterinary  Surgical  Corp.,  Kenilworth  NJ. 

*  BioLabs.  Inc.,  Northbrook  1L. 

’  Worthington  Biochemical  Corp.,  Freehold  NJ. 

*  Falcon  Products,  Oxnard  CA. 

’  No  recommendation  offered;  each  user  will  have  to  deter¬ 
mine  which  supplier  can  provide  ample  volume  of  useful 
sera. 

*  Bellco  Glass.  Inc,  Vineland  NJ. 

*  Unbro  Scientific.  Hamden  CT. 

'•  American  Hospital  Supply,  Obetx  OH. 

”  Corning  Glass  Works,  Corning  NY. 

"  Sigma  Chemical  Co.,  Sc  Louis  MO. 


Essential  vitamin  mixture,  100X1 
Collagenase  (CLS).  No.  4197.*  Suspend  1  g 
collagenase  in  100  ml  MEM  Eagle  HBSS. 
pH  7.2;  dissolve  with  magnetic  stirrer  at 
4°  C;  centrifuge  10,000  at  12°  C  for  10 
min;  and  filter  through  a  0.22-jim  filter  (No. 
7103  Falcon*). 

Fetal  bovine  serum  (FBS)’  [evaluated  for 
steroid  composition  (1),  unsaturated  fatty 
add  composition  (2).  mycoplasmal  con¬ 
tamination.  etc.  (3),  and  growth  properties 
on  indicator  cells  (4)] 

Stirring  bars.  Teflon-molded,  magnetic.  %■ 
inch  long,  ’/[.-inch  diameter.  No.  6006  Bellco* 
Culture  plates,  four  wells  per  plate.  28-cm1, 
No.  3004*  or  No.  FB-4-TC  Linbro* 

Scalpels,  disposable,  sterile.  No.  32  390-0222 
AHS10 

Tissue  culture  flasks:  75-cm1,  No.  3024*  or 
No.  5375*;  or  25-cm1,  No.  25100  Corning" 
Plastic  pipettes,  measuring  (Mohr),  plugged; 

5-mL  No.  7532: 10-ml  No.  7548* 

Centrifuge  tubes,  conical,  plastic.  15- ml.  No. 
3013-000" 

Ethyienediamine  te trace tate  (EDTA),  tetra- 
sodium  salt" 


III.  PROCEDURE 

A.  Collection  of  human  tissue 

1.  Supply  the  operatii  g  room  with  several  4- 
oz  bottles  containing  10  ml  CM  at  pH  7.2 
supplemented  with  5%  FBS  and  0.1  ml 
Gentocin  per  100  ml  medium.  These 
bottles  may  be  stored  at  12°  C  for  many 
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weeks  (in  our  hands,  3  to  4  weeks,  depend¬ 
ing  on  composition  oi  the  glass).  If  there 
is  a  drastic  change  in  pH.  discard  the 
bottles,  i.e.  if  the  pH  rises  above  7.2  (color 
shifts  [ruin  red  to  purple)  or  fulls  below 
6.8  (color  shifts  from  red  to  yellow). 

2.  Collect  tissue  on  the  average  of  3  or  4 
times  a  week.  We  have  found  that  when 
the  tissue  is  kept  in  CM  plus  3%  FBS  at 
12°  C,  95%  viability  is  retained  up  to  48 
hr  after  collection. 

B .  Processing  o  f  tissue 

1.  Charge  each  of  four  wells  of  a  28-cmJ  cul¬ 
ture  plate  with  5  ml  CM. 

2.  Place  the  tissue  from  the  collection 
bottles  into  the  first  well,  swirling  the  me¬ 
dium  to  wash  the  tissue. 

3.  Transfer  the  tissue  to  the  second  well  and 
wash. 

4.  In  the  third  well,  cut  the  tissue  into  three 
or  four  segmencs  and  wash. 

5.  Transfer  segments  to  the  fourth  well  and 
mince  with  two  scalpels  into  2-mm  pieces. 

a.  Swirl  the  medium  to  rinse  the  tissue. 

b.  Suck  off  the  medium  with  a  narrow- 
mouth  pipette  leaving  only  the  minced 
tissue. 

6.  Defrost  a  5-ml  vial  of  1%  collagenase  and 
add  to  the  well  containing  the  minced 
pieces.  Have  ready  a  75-cmJ  flask  con¬ 
taining  15  ml  CM  supplemented  with 
20%  FBS.  Transfer  the  minced  tissue  and 
collagenase  to  the  preincubated  flask, 
thereby  diluting  collagenase  to  0.25%. 

7.  Incubate  the  tissue  at  37°  C  in  a  4%  COi 
environment  overnight  (16  hr).  For  a 
period  of  5  to  7  hr  of  incubation,  use  0.5% 
collagenase. 

8.  Transfer  the  digest  into  a  15-mi  plastic  or 
glass  conical  centrifuge  tube.  (Use  plastic 
pipette  with  a  1.5-mm  diameter  aperture.) 

9.  Centrifuge  the  sample  for  7  min  at  650  x  g 
at  4°  to  12°  C. 

10.  Resuspend  the  pellet  in  5  to  10  ml  CM 
supplemented  with  20%  FBS;  recentri¬ 
fuge  again  as  described  in  step  9. 

11.  Repeat  step  10. 

12.  Preincubate  a  75-cm'  flask  containing 
10  ml  CM  supplemented  with  20%  FBS 
for  30  to  45  min  at  37°  C  in  a  4%  CO: 
environment. 

13.  Suspend  the  pellet  obtained  from  step  11 
in  5  ml  CM  at  20%  FBS.  Seed  one  75-cmi 


flask  or  three  or  four  25-cm'  flasks  with 
the  cell  suspension. 

14.  Incubate  the  flasks  at  37°  C  in  a  4%  CO: 
environment. 

15.  Two  days  later,  rinse  the  primary  culture 
with  CM  and  refeed  with  CM  supple¬ 
mented  with  20%  FBS. 

16.  Three  to  five  days  postseeding,  check  for 
epithelial  colonies. 

17.  Fibroblasts  also  will  be  present  in  these 
cultures.  Three  to  five  days  after  seeding, 
when  epithelial  colomes  are  well  es¬ 
tablished,  selectively  trypsinize  the  cul¬ 
tures  to  remove  the  fibroblasts. 
PRECAUTIONARY  NOTE;  This  Step  IS  a 
critical  procedure  and  particular  atten¬ 
tion  must  be  paid  to  it.  The  epithelial  is¬ 
lands  should  be  left  relatively 
undisturbed. 

18.  Decant  growth  medium  from  the  mix  cul¬ 
tures  and  rinse  with  10  ml  CM. 

19.  At  this  time,  remove  from  the  freezer  the 
trypsin  prepared  as  a  1%  solution  in  CM 
at  pH  7.2. 

a.  Dilute  with  CM  to0.1%. 

b.  Add  1  ml  0.1%  trypsin  to  the  cell 
sheet. 

c.  Incubate  at  21°  C  (room  temperature) 
for  approximately  30  sec. 

d.  Observe  the  cell  sheet  under  10X  mag¬ 
nification  to  determine  when  fibro¬ 
blasts  lift  off  the  substratum.  The  epi¬ 
thelial  patches  will  remain  attached  to 
the  flask. 

20.  To  stop  the  action  of  trypsin,  add  10  ml 
CM  supplemented  with  20%  FBS  and  use 
this  medium  to  wash  the  cell  sheet  to  re¬ 
move  fibroblasts. 

21.  Decant  medium  and  repeat  step  20. 

22.  Do  not  attempt  to  remove  all  fibroblasts 
during  this  first  trypsinization.  When  the 
edges  of  the  epithelial  patches  begin  to  re¬ 
tract,  immediately  stop  trypsin  action.  It 
is  better  to  repeat  steps  18-20  the  next 
day  than  to  continue  to  remove  all  the 
fibroblasts  at  this  time. 

23.  Refeed  the  flasks  containing  mainly  epi¬ 
thelial  colonies  with  CM  supplemented 
with  10%  FBS  and  3  ml  100X  essential 
vitamins  per  100  ml  medium.  The  lowered 
FBS  supplementation  retards  the  growth 
of  any  remaining  fibroblasts  while  the 
vitamin  supplementation  encourages  epi¬ 
thelial  growth. 

24.  Repeat  trypsinization  procedures  two  to 
four  times  at  approximately  3-day  inter- 
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vals  or  as  necessary  to  free  cultures  from 
fibrublusLs. 

C.  Subpassaging  epithelial  cells 

1.  Place  epithelial  cells  for  2  to  3  days  on 
LoCal  containing  additives  and  supple¬ 
mented  with  10%  FBS  and  3  ml  1Q0X  es¬ 
sential  vitamins  per  100  ml  of  medium. 
Pretreatment  with  calcium-deficient  me¬ 
dium  greatly  facilitates  the  lifting  off  of 
the  epithelial  cells  from  the  substratum 
during  trypsinization. 

.  2.  Decant  the  LoCal  medium,  rinse  the  cell 
sheet  with  10  ml  SM  containing  0.02% 
EDTA,  and  incubate  at  37°  C  for  3  to  5 
min.  During  this  time  epithelial  cells  will 
begin  to  separate  along  their  boundaries 
but  will  continue  to  remain  attached  to 
the  substratum.  An  increase  in  refractori¬ 
ness  along  the  outer  limits  of  each  cell  will 
be  noticed. 

3.  Decant  the  SM  and  add  1  ml  0.1%  trypsin 
made  up  with  SM  containing  0.02% 
EDTA. 

4.  After  a  few  seconds,  stop  the  trypsiniza¬ 
tion  by  decanting  the  SM-EDTA  medium 
and  add  CM  supplemented  with  10%  FBS 
and  3  mi  1Q0X  essential  vitamins  per 
100  ml  medium.  Transfer  the  cell  suspen¬ 
sion  to  a  15-ml  plastic  conical  centrifuge 
tube. 

5.  Centrifuge  at  650  x  g  for  7  min;  decant 
supernate. 

6.  Resuspend  the  pellet  with  CM  supple¬ 
mented  with  10%  FBS  and  3  mi  100X  es¬ 
sential  vitamins  per  100  ml  medium,  and 
seed  equally  into  four  25-cm1  flasks,  or 
one  75-cot‘  flask.  We  use  5  ml  of  medium 
containing  the  ceil  suspension.  Cells 
should  be  seeded  at  high  density. 

7.  After  10  min,  gently  swirl  dishes  or  flasks 
to  encourage  cells  to  adhere  to  each  other. 

8.  Return  the  cultures  to  the  incubator  and 
do  not  disturb  for  3  to  4  days. 

9.  After  3  to  4  days,  examine  the  cultures 
for  growth  of  epithelial  colonies. 
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IV.  DISCUSSION 

There  are  several  critical  steps  in  the  pro¬ 
cedure  that  will  mean  the  difference  between 


success  and  failure.  During  the  initial  phase 
of  collection  of  the  tissue,  make  sure  that  the 
pathologist  or  surgeon  does  not  place  the 
samples  into  phosphate  buffered  saline  (PBS) 
or  physiological  saline,  such  as  Kreb's  solu¬ 
tion.  The  carrier  medium  defined  here  will 
keep  the  tissue  viable  up  to  4  or  5  days  at  a 
95%  efficiency.  Do  noc  use  penicillin-strepto¬ 
mycin.  nystatin,  mycostatin.  amphotericin  B. 
tetracyclines,  etc.;  they  will  kill  the  cells. 

All  plastic  ware,  i.e.  petri  dishes  and  75-cm' 
fiask3,  should  be  kept  in  a  constant  environ¬ 
mental  room  at  72°  C  at  a  relative  humidity 
(R.H.)  of  75%.  The  flasks  under  these  condi¬ 
tions  will  remain  in  acceptable  condition  for 
2  years.  The  single  well  and  multi  well  dishes 
can  be  used  for  up  to  6  months  when  stored 
under  these  conditions.  All  pipettes  used  to 
pipette  cells  should  have  an  aperture  of  1.5- 
mm  diameter.  The  FBS  must  be  evaluated  be¬ 
fore  use  (1).  Collagenase  and  purified  trypsin 
prepared  specifically  for  tissue  culture  ap¬ 
plications  should  be  screened  for  mycoplasma 
(2).  Photographs  of  vertical  stratification  of 
epithelial  patches  and  tables  of  growth  kine¬ 
tics  are  presented  in  Milo,  Ackerman  and 
Noyes  (4). 
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MiMVtMlfCf KIN  ANII  1‘AMTtAI.  OIAKACTKMUAT lUN  OV  IATH  r7  MUTANT 
t'KUMOTEHS.  K.  Chapmen*.  (SPON:  J.  Adis*)  Dept.  a(  Slochem. 
L'nivsrtiCy  ot  Viaconain,  Mad teem.  WI  53706. 

The  swqusnce  3’  TAATACCACTCACTATACPuPuPuNA  la  cowon  to 
.ill  T7  Uc«  prowccri.  To  study  chs  Interaction  of  T7  RNA 
»olvMru<  with  cnii  itquanci,  asvsral  mutant  proaocar*  Hava 
b»#n  cooarructsd  by  cloning  tegmenta  ot  the  promoter,  ciaavad 
ar  tna  Win/  I  air#  { CACTC)  which  U  praaanc  In  all  Lace  Tf 
i«r  oao  cora,  into  various  plasmid  background*.  for  tcortlng 
nacr  rial .  tAt  116  bo  Hga  I  Wag  l  fragment  which  apana  the 
proaocar  at  14.81  of  T7  wa a  domed  into  the  2co  ftl  ales  of 
pVHSl.  £co  RI  alee#  wara  raganaracad  at  cha  anda  of  chi* 
;r*gm#nc  by  filling  In  eh#  sticky  anda  leaf  ora  ligation. 
Multiple  coplaa  (up  co  hexamer)  of  chi#  Kco  RI  fragment  were 
then  clonad.  Tha  iaolacad  fragrant  vaa  cue  with  Hint  I  to 
ylald  a  106  bp  fragment  vnlch  contained  tha  ri get -nano  16  bp 
of  cha  proaocar.  This  106  bp  fragment  vaa  chan  clonad  into 
several  aicaa  in  piA322.  Caraful  cholca  of  tha  cloning  altaa 
anabLaa  tha  construction  of  aueanc  proswatsra  which  contain 
soma,  out  not  all,  of  cha  naeural  left-hand  proaocar  bpa. 

>◦»«  of  thaaa  dons*  are  aettva  in  an  i£  vitro  T7  trsnecrlp- 
cion  svstes.  Restriction  sapping  and  preliminary  aaduaoclng 
show  that  ic  la  not  nacaaaary  for  cha  Hint  l  «ua  co  ba 
mcacc  for  cha  tsqusnc*  to  oa  an  acciva  proaocar.  Moraovar. 
naichar  tha  first  10  nor  cha  lade  13  bp  aiona  ara  aufflcianc 
tor  activity.  ^Supported  by  NIH  and  NSP  grant*  to  JI.D. 
Walls.) 
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tikTKwoccuiUTY  ov  rut  j'-Thumnu*  oy  iusauumin  wtoihm.m  u»a 
8ach  Cany  a  Cohan*  and  william  Lachsnf  aide*  iSPOd:  ihuna  tUl 
Qian).  Uaiv.  of  Ky.  Collaga  of  Medicine,  Lexiogcoo.  Ct  -d)jt> 
Pravloualy  chia  laboratory  determined  chat  tha  5 ’-terminus 
Of  haft  oviduct  ovalbumin  ft*MA  wa#  hatarogMaoua .  apparent:  y 
rasulciag  froa  different  aitaa  of  initiation  of  cranscr ipc ton. 
In  ordor  co  determine  whachar  aueh  hataroganaicy  waa  a  common 
pnwoMroB  in  ham  oviduct  mftjlAe,  v«  uaad  a  similar  mat  nod  in 
Cha  sjuueiaecloo  ot  con albumin  eAJIA,  cha  oast  moec  a&uauom  "ANA 
In  cha  ban  oviduct.  Tha  aachod  1 nvoivaa  purification  of  con- 
albumin  aiKA  by  hybrldiaaclon  co  the  cooplamaetary  DNA  con¬ 
tain  ad  la  tha  comalbumin  pleemid,  pGoa-i.  attachad  co  ceiluloae, 
isolation  ot  3 ' -c  armlnsJ ,  c appad  T,  ollfoouclaorlJma  by  talace- 
iva  binding  co  ant i-m7G-Sepha rose,  labaliog  with  (iJPlpCp  an-. 
RNA  llgaaa,  separation  by  cvo-dlmeaelomel  gal  alactrophoraais. 
and  taquaacing  by  ton  van  clonal  RNA  aaquanclng  procaduraa.  Thu 
aethod  haa  cha  sdvantaga  ot  aliminating  amblgulclaa  of  era 
prlmad-syntbaaia-dldsoxy  sac hod.  On  cha  evo  dimensional  gai .  * 
nuebsr  of  Tj  oligonuclaoc Idas  vara  obaarv«d.  Tha  major  oligo- 
huclaoclda  had  cha  sequence  e'GpppMpUpCpApCpApC ,  which  would 
raaulc  from  transcription  from  cha  putative  loltlacioft  alta  on 
Cha  ganoma.  A  second  oligonucleotide  Had  cha  sequence 
«:CpppKpA'pApC.  This  in  conaiacant  with  transcription  baqimug 
at  cha  next  purina  chraa  baaaa  downatreea  froa  cha  puteclv* 
Initiation  site.  (Supported  by  Crane  #  GM20818  from  cha  NlH). 
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7H£  IKILUmCl  Of  ACT  ON  TH1  ACTIVATION  AND  MHA30LISM  Of 
A fLA TOXIN  Bj,  ST  LIVER  FROM  HALE  AND  FEMALE  RATS.  Andrew 
iayacal*  and  Toft  Pillar*.  (SfON:  W.A.  Riddle).  Illinoia 
Staca  Uni varsity.  Noraai,  CL  61761 

Mlatoxin  S^fAfSi),  a  rhaaUcal  pro-care lnogan .  la  aata- 
bollaad  by  cha  PASO  aono-oxygtnaae  syscam  in  llvar  co  lea 
jlcisata  carcinoganic  form.  The  affect  of  aging  oq  tha  saca- 
boliam  of  a/*i  by  tha  llvar  from  5-  to  30-  sonch  old  stale  and 
ftsele  FUchar  344  rata  was  studied.  Tha  Ames  Salmonella/ 
alcrososa  teat  waa  uaaa  co  ouanclfy  cha  convarsloo  of  AZBl  co 
miccuaaic  co  pounds  by  llvar  Homotanacaa  from  rata  of  various 
jgaa.  Tha  ruabar  of  ravercanca  produced  dacraaaad  40  to  60X 
barwaan  12  son  cha  and  27  son  cha  of  age.  No  age  r  a  La  cad  change 
Id  tha  convaraiom  of  aFBi  co  aucaganlc  compounds  by  Uvar 
hoaoganatas  from  famala  rats  was  obaarvad.  Tha  formation  of 
Afli.-ONA  aoducta  by  Uvar  homoganatas  from  saia  rata  also 
iscraaaad  with  Increasing  age:  hovavar,  no  change  on  cha  for- 
sacion  of  A/Si-ONA  adducts  was  obaarvad  with  Uvar  Homoganacaa 
from  famala  rata.  Tha  aacaboUam  of  ATS}  by  llvar  homoganacaa 
from  sale  rata  to  chloroform-aolubla,  water-soluble  .  and 
■chaool  insoluble  meeoboliees  also  dacraanad  *a  a  function  of 
**a.  while  cha  metabolism  of  AiTJi  by  famala  llvar  did  not 
change.  Tha  results  of  chase  experiments  indicate  chat  cha 
Bacaooliam  and  activation  of  ATBi  by  liver  from  a ala  rats  ds- 
crsaaad  an  a  function  of  age.  Thin  decrease  appears  co  arias 
froa  changes  in  che  cytochrome  p-430  levels  in  Uver. 

(Supported  in  part  by  NIB  Grant  CA  24636) . 
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BINDING  OT  BENZD(A)PY*EN£  TO  A  CTTOPUSNIC  LIPOPROTEIN 
COMPLEX  IN  TX£  HUMAN  SKIN  f I BPOBL AST  CELLS.  U**n  Tejuani* 
and  S«orq«  E.  Hilo.  Tht  Ohio  State  University.  Coluncus. 
Ohfo“ TOTOT - 

Previous  work  with  low  passage  (IP)  human  neonate) 
foreskin  (HNF )  fibroblast  cells  hes  indicated  that 
ba»uo(a }pyrene  (BP)  c»n  Induce  i  carcinogenic  event.  When 
the  KNf  cells  were  treated  with  BP,  the  cerclnoqen  was 
Initially  bound  to  a  cytoplasmic  protein  cosgilex  prior  to 
transport  Into  the  nucleus.  In  the  IP  cells,  BP  was  non- 
covalently  associated  with  a  cytoplasmic  protein  comlex  of 
molecular  weight  12,500  *s  determined  by  Sephedex  G-200 
column  chromatography,  when  the  convex  isolated  from  LP 
cells  was  centrifuged  on  a  potasslue  bromide  gradient  (P, 
1.006-1.279)  at  40,000xg  for  24  nrs.  the  radiolabei  was 
distributed  between  two  major  lipoprotein  fractions.  In 
excess  of  301  of  the  recovered  radiolabei  was  associated  with 
the  low  density  lipoprotein  fraction  (P,  1.073)  and  about  251 
of  the  radiolabei  was  associated  with  the  high  density 
lipoprotein  fraction  (p,  1.125).  Since  there  was  no 
significant  reduction  in  the  uptake  of  BP  by  cells  grown  :n 
lipoprotein  deficient  serum,  the  lipoprotein  coaplex  to  which 
3P  was  bound  was  not  derived  from  the  fetal  bovine  serum  in 
wnich  the  celts  were  grown.  Thus,  In  the  transformaole  IP 
cells,  BP  is  associated  with  a  Hpoorotem  complex  that 
functions  to  transport  the  carcinogen  into  the  nucleus  of 
these  cells.  (Supported  in  pan  by  Air  Force  Office  of 
Scientific  Research  F  49620-40-0-0085  and  EPA  « -8006638-01 ). 
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differences  in  the  binoinc  op  3-metkylqiolamthrene  and  phbno- 
URIITAI  TO  hat  LIVER  CYTOSOLIC  ANO  NUCLEAR  PROTEIN  PRACTIONS. 
MU*  "tcnivy*  and  Hdward  Sresmck .  University  of  Vermont 
-  Medicine,  Jept .  Biochemistry  and  Vensont  Regional 

Cancer  Center.  Burlincton,  VT  flSaOS . 

Hi#  inducers  of  cytnchroato  J'.aSOb  and  I'-aSPc,  pHonoharfiltal 
•  (PI)  »nd  3-wcthylcholanthrene  (3-MC)  respectively,  Have  been 
Mwiied  in  -heir  interaction  with  wbcellular  fraction*  from 
liver.  Binding  of  J-wc  to  rat  liver  cytosol  was  observed 
«*»M  OEAE  A- 30  tephadex  c hromeco graph y,  charcoal  dextran 
aasly*:!,  sucrose  density  gradients  and  OMA-ceUuiose  chroma- 
tbgraphy,  while  no  interaction  of  PB  to  rat  liver  cytosol  was 
P.'*. 4wr»W  umler  comnarnhlo  conditions.  Tho  binding  of  J-WC  to 
>kiclear  fractions  Has  also  been  studied  using  DNA- 
»V i. *> tales#  chromatography;  higher  levels  of  binding  were 

■>■4  »»  tha  nuelaar  :  race  tons  (ZSO-iOQ  {molts  J-MC  per  eg 
l**el*l  <aepar*d  with  cytosolic  proteins  (20-30  fmolee  3-MC 
AfX< “4  PTWeinJ .  The  jotske  and  intranuclear  distribution 
tnq  PS  were  srkedly  different  after  Incubation  with 
imiti;  10'  of  the  available  3-MC  but  only  3%  of  the 
'?Ti£*  MMlaaie  P|  radioactivtty  became  associated  with  nuclei.  Of 
^  "Miaactivity,  approximately  50%  of  the  3-MC  radloacei- 

Msec ut ed  with  the  salt  resistant  nuclear  pellet 

i' >- v1  j y *1  the  PS  was  associated  with  tha  soluble  nuclear 

The  lata  suggest  that  it  is  unlikely  that  a  eyto- 
^ MN  Fetepter-wediat cd  -rrocess  roouirtng  High  affinity 
aV  .  U  involved  in  pnenobarbital  induction  of  cytochrome 

4**‘ ^ v^pertw  by  NtH  grant  CA  207U  . 

■ 
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INHIBITORS  OF  BEN Z0( A) PYRENE  MUTAGENICITY  TOdAROS  SALMONELLA 
TYPHIMURIUH.  Paul  0.  Sullivan*  and  Lu2  M,  Celle*  ($P0N:  L. 
Packer)  Ohio  um'vergity , "Athens.  aT'  45>bl. 

Antioxidants  and  several  other  comoounds,  some  of  which 
have  been  found  to  innlblt  carcinogenicity .  were  screened  for 
their  effectiveness  as  innlbitors  of  benzo(a)oyrene  !GP) 
nutagenlcuy  towards  Salmonella  typhimurium  TA98  m  tne  Ames 
test.  A  total  of  32  compounds  were  tested.  In  tht  assay, 
met  jo  11c  activation  of  BP  (8.2  rmoles/piate)  was  mediated  by 
the  -7  fraction  from  fl-napthofl avone  induced  rat  livers. 

Among  conoounds  which  are  known  to  inhibit  carcinogenicity, 
retinol,  phenothle.il  he,  disulflrem,  phenethyH  so  thiocyanate 
and  phenyl  Isothiocyanate  were  the  most  affective  inhibitors 
of  8P  mutagenicity,  acting  at  equimolar  concentrations. 

Several  other  comoounds  showed  inhibition  at  higher  concen¬ 
trations  of  antioxidant  and  the  remainder  showed  little  or  no 
inhibition.  Oose  response  curves  have  been  obtained  for  the 
18  most  active  compounds.  NO  genera)  pattern  of  inhibition 
is  obvious  from  our  studies,  inniblton  are  not  drawn  from  any 
single  class  of  comoounds.  nor  goes  a  particular  ccmoound 
necessarily  appear  to  inhibit  store  than  one  mutagen.  Addi¬ 
tional  studies  have  been  earned  out  on  the  inhibition  of  the 
direct  acting  mutagens  2-mtrofluorene  and  bemo(a)Dyrene-4,5- 
oxide.  These  studies  indicate  the  possible  nature  of  the 
mechanism  of  inhibition.  (Supported  by  NIH  Grant  CA-22209) 
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ItCUCTION  OF  «0PLASIA  AFTER  IN  VITRO  EXPOSURE  OF  HUMAN 
EPITHELIAL  CELLS  TO  CARCINOGENS.  Georgs  Milo,  Inge  Noyes,  John 
Doianoe,  ana  Steven  Wei  strode.  Depts.  of  Physiological  Chemistry, 
veterinary  PathoOlolo^,  and  Comprehensive  Cancer  Center,  The 
Ohio  State  University,  CalunOus,  Ohio  A 3210. 

These  studies  demonstrate  that  known  carcinogens  can  alter 
noma  I  foreskin  epithelial  cells  to  the  extort  that  neoplasta  can 
oe  evaluated  on  oiicx  embryonic  skin,  (CES),  In. vitro.  Normal 
foreskin  epithelial  cells  seeded  on  CES  aid  not  invaoe  the  CES. 
,-iuian  nasooharyngeal  and  chorio-cannona  cells  wnen  seeded  on  CES 
invaded  the  tissue,  Normal  epithelial  cells  grown  in  Eagles's 
modified  P£M  supplemented  with  201  PBS,  (CM),  were  then 
transferred  to  MEM  minis  arginine-glutamine  nedium  supplemented 
with  1.0  U/«l  of  insulin  and  101  dtalyted  PBS,  (OM),  for  2  nrs. 
Within  this  time  period  561  of  the  cells  were  radiolaPeled  with 
SH-thyimolne.  (S).  In  a  randomly  proliferating  population 
grown  on  CM  over  a  24  nr  period  <11  of  the  cells  in  S,  were 
radlolaoeled.  Upon  transfer  of  the  cells  from  OH  to  CM  either 
8-proololactooe  or  propane  sultone,  (7.5  ug/ml),  PMC,  10.4 
ug/ml)  or  aflatoxin  Bg  (2.5  ug/mi),  were  added  to  the  cell 
populations,  or  the  cells  were  exposed  to  UV  254ma  at  5.0  J/nf- 
at  a  fluence  of  1.2  J/m/sec.  After  8  hrs  of  chemical  carcino¬ 
gen  treatment  or  at  the  completion  of  exposure  of  the  cell 
peculation  to  UV,  the  experimental  radium  was  removed  and  fCM+201 
PBS  addec  to  the  cells.  Two-3  weeks  later  the  cultures  were 
passaged  twice. These  populations  were  seeded  onto  CIS,  or  inw> 
LoCal  supplemented  0.331  agar.  Transformed  cells  passaged  in 
culture  exhibited  colony  forming  frequency  In  soft  agar  for. 

AfBg  was  41,  MING  was  32,  PrS  was  58,  aPT  was  23  and  for  UV  was 
100  per  105  cells.  Tumors  Chat  invaded  CES  were  interpreted  as 
simulated  squamous  cell  carcinomas.  Induction  of  carcinogenesis 
In  hunan  epithelial  cells  Is  similar  to  the  induction  process  in 
fibroblasts,  however,  the  program  leading  up  to  the  induction 
process  and  time  in  culture  for  fixation  and  egression  of 
neoplasia,  is  different.  (This  work  was  supported  In  part  Py 
NCI-NIH  R01-CA-2S07). 
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A  SUITABLE  RARIO  IN  VITRO  GROAN  CULTURE  SYSTEM  TO  EVALUATE 
NEOPLASIA  EXHIBTED  3Y  CARCINOGEN  TRANSFORMED  MMAN  FIBROBLASTS. 
JoAn  Oonanoe,  Inge  Noyes,  Steven  Weisbrode,  Dorothy  Scrum  and 
George  Milo-  Oepts  of  Physiological  Chemistry,  Veterinary 
Patnooiology  and  Comprehensive  Cancer  Center,  The  Ohio  State 
University,  ColuiCus,  Ohio  43210. 

Recent  experiences  with  nude  imee  have  taught  us  that  the 
mice  exnlblt  wide  variations  In  response  to  injection  of 
transformed  human  oells.  Each  mouse  responds  in  a  different 
manner  dependent  upon  the  genetic  background  of  the  mouse. 
Moreover,  the  length  of  time  necessary  to  evaluate  the 
neoplastic  potential  of  the  transformed  ceils  is  5-6  weeks.  The 
average  lifespan  of  the  nude  mouse  under  barrier  conditions  Is 
1-1  1/2  yr  creates  logistic  problems  in  feed  and  housing  costs. 
We  have  emended  upon  a  procedure  for  evaluating  the  neoplastic 
potential  of  the  chemical  carcinogen  transformed  cells  on 
Chldk-ertryonlc  skin,  (CES),  In  vitro  (Noguchi,  et  ah.  Science 
199:980-983,  1978),  as  a  suitable  substitute,  for  the  nude 
mouse  assay  system,  (Glanovella.  et.  ah.  24:103-113,1979). 
Several  chemical  carcinogens,  aflatoxin  3g,  prooane  sultone, 
d-propiolactone,  benzo(a jpyrene,  MNNG,  or  methyl  atony  methanol 
acetate  were  used  to  Induce  carcinogenesis  In  hunan 
fibroblasts,  (Milo  and  QfPaolo  Nature,  275,  130-132,  1978). 
Treatment  of  the  cells  In  S  with  the  carcinogens  followed  by 
serially  passaging  the  cells  (n  culture  for  16-20  POL  produced 
cell  peculations  that  grew  in  soft  agar.  These  colonies  were 
isolated  and  seeded  ento  CES;  three  days  later  the  CES  were 
fixed  In  Bourns,  stained  and  evaluated.  There  was  a  1001 
correlation  between  tumor  formation  In  the  nude  mouse  and 
Invasion  of  the  CES.  Hlstooatho logical  examination  of  the 
microtumors  revealed  that  they  were  simulated  flbrosarconas. 

The  cells  from  the  untreated  controls  did  not  Invade  the  i"ES. 
(This  work  was  supported  In  part  by  AFSOR  f  49620-80-C0085). 
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SUMMARY 


Human  foreskin  fibroblasts  transformed  by  representative  chemicals  from  5 
different  classes  of  chemical  carcinogens  some  requiring  enzymatic  activation  and  direct 
acting  carcinogens,  produced  cell  populations  that  exhibited  anchorage-independent 
growth  and  expression  of  neoplastic  potential  it,  either  nude  mice  or  chick-embryonic 
skin,  (CES).  There  is  a  high  degree  of  correlation  between  tumor  incidence  and 
invasiveness  of  CES.  The  unique  feature  of  the  CES  is  the  rapidity  of  expression  of 
cellular  neoplasia  and  interpretation  of  the  simulated  tumor  in  4  days  as  a  simulated 
fibrosarcoma.  This  system  represents  a  system  that  can  be  used  to  evaluate  human 
carcinogens  in  vitro  ir.  6-10  weeks. 
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INTRODUCTION 


Recently,  we  reported  on  the  transformation  of  human  ceils  to  a  stage  of 
anchorage  independent  growth  (1)  and  neoplasia,  (2).  Neoplasia  was  evaluated  in  nude 
mice.  The  route  of  administration  was  by  two  different  routes;  one  by  injection  of 
transformed  cells  subcutaneously  into  the  subclavicle  region,  (1);  second,  by  injection  of  a 
"bolus"  of  cells  intracranially,  (3).  In  the  case  of  the  subcutaneous  route  of  injection  4 
1/2-6  weeks  .must  elapsed  before  we  could  label  the  take  as  positive.  Unequivocal, 
identification  of  the  tumor  was  accomplished  following  excision  of  the  tumor  followed  by 
histopathological  examination  requiring  an  additional  extended  period  of  time. 

Treated  cells  injected  intracranially  into  the  frontal  parietal  sinus  of  the  mouse 
killed  the  mice  within  30-45  days.  This  has  been  described  as  "mouse  lethality,"  (3).  The 
procedure  described  here  presents  data  on  an  in  vitro  procedure  that  can  rapidly  assay 
for  neoplasia  within  3  days  therefore  eliminating  the  requirement  of  waiting  1-1 1/2  years 
until  the  sham  intracranial  or  subcutaneous  injected  control  mice  die  of  natural  causes. 
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MATERIALS  AND  METHODS 


Cell  Culture; 

Primary  fibroblast  cultures  of  foreskin  tissue  were  prepared  in  the  following 
manner:  Human  foreskin  tissue  was  minced  into  2mm  segments  in  Minimum  Essential 
Medium  -  Hanks'  balanced  salt  medium  (MEM-HBSS)  containing  25mm  Hepes  buffer  at 
pH  7.2.  The  tissue  was  rinsed  three  times  in  this  medium  and  the  tissue  fragments 
transferred  to  20  ml  of  MEM-HBSS  supplemented  with  20%  FBS  (Sterile  Systems,  Logan 
Utah)  ,CM.  and  containing  0.1%  collogenase  (115  U  per  mg  4197  CLS  Worthington 
Biochemical  Corp.;  Freehold,  New  Jersey).  After  dispersion  of  the  tissue  at  37°  in  a  4% 
C02~enriched  air  atmosphere  for  6-8hrs,  the  cells  were  recovered  by  centrifugation  at 
650xg  for  7  minutes  at  12°C.  The  cell  pellet  was  washed  twice  with  CM  and  the  final 
cell  suspension  seeded  into  a  75  cm^  flask.  The  cell  populations  was  allowed  to  attach 
for  72  hrs  and  refed  once. 

On  day  5  following  seeding  the  fibroblasts  were  selectively  detached  with  0.1% 
trypsin,  (4).  The  fibroblast  were  then  seeded  into  CM  and  prepared  for  treatment  with 
carcinogen. 

Suspension  of  Chemical  Carcinogen  and  Insulin 

The  treatment  process  requires  that  the  carcinogens  be  solvated  in  a  prescribed 
manner  to  be  effective  in  the  treatment  regimen.  The  carcinogens  either  aflatoxin  B[, 
JB-propiolactone  methylazoxymethanol  acetate,  benzo  pyrene  diol  epoxide  I  (anti)  or 
tetrahydrodimethylbenzanthracene,  (AfBj,  B-Pl,  MAMA,  B(a)P,  BPDEI  or  THD.MBA 
respectively)  were  solvated  in  Soectrar  acetone  under  red  light  or  golo  xncer 
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argon.  These  stock  solutions  were  made  up  fresh  for  each  experiment.  The  working 
solutions  at  effective  cytotoxic  doses  of  0,  25  or  50  percent  were  prepared  from  the 
stock  solutions  in  complete  growth  medium,  (CM).  These  solutions  were  added 
immediately  to  the  cells  as  previously  described,  (1,2). 

Transformaton  Protocol 

Fibroblast  cell  populations  blocked  in  G1  released  from  the  block  and  tr>  Ued  with 
the  carcinogen  in  S  phase  of  the  cell  cycle,  (2,5)  were  then  serially  subpassaged  for  16-20 
population  doublings  (PDL)  before  passage  through  soft-agar. 

All  the  carcinogens  used  in  these  experiments  were  added  to  the  cell  populations 
when  the  cells  were  yearly  S.  The  treated  populations  were  exposed  to  the  carcinogens 
for  a  few  minutes  (30  minutes)  such  as  for  BPDE  (I)  with  a  brief  half-life  or  up  to  12 
hours  for  carcinogens  with  a  long  half-life,  (B(a)P). 

Treatment  was  terminated  when  the  experimental  medium  was  removed  and  the 
population  immediately  passaged  at  a  1:2  split  ratio  into  CM  containing  additional  growth 
supplements  of  2x  vitamins,  3x  nonessential  amino  acids  and  20%  FBS.  The  treated  and 
untreated  cultures  at  80-90%  saturation  density  were  passaged  at  1:10  split  ratio  into  the 
enriched  growth  medium  for  20  PDL. 
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Growth  in  Soft  Agar 

The  carcinogen  treated  and  untreated  populations  at  PDL  20  were  seeded  at  50,000 
cells/25cm2  area  in  2ml  of  0.33%  soft  agar  prepared  in  Dulbecco’s  Lo  Cal  medium 
(Biolabs  Northbrook,  HL)  (6,7).  The  cultures  were  incubated  in  a  4%  carbon  dioxide 
enriched  air  atmosphere  and  refed  every  3-5  days.  The  incidence  of  colony  formation 
was  determined  and  after  3  weeks  the  colonies  were  removed  and  seeded  into  75  cm2 
flasks  containing  CM. 

These  populations  were  then  prepared  for  either  nude  mice  injection  or  seeding  on 
chick  embryonic  skins  (CES)  in  vitro. 

Evaluation  of  Neoplasia 


The  treated  populations  that  exhibited  anchorage  independent  growth  were 
evaluated  in  6  week  old  nude  mice,  (Sprague-Dawley,  Madison,  WI).  The  untreated  cell 
populations  would  not  passage  through  soft  agar;  therefore,  companion  untreated 
cultures  that  had  not  passaged  through  soft  agar  were  evaluated  in  the  nude  mice  (8)  and 
on  CES.  The  mice  were  irradiated  with  450  RAD  (from  a  127  cs  source)  48  hrs  prior  to 
subcutaneous  injection  of  5x10®  treated  or  control  cell  populations,  (6).  After  6  weeks 
the  tumors  were  counted  and  the  incidence  of  tumor  formation  recorded.  The  lack  of 
tumor  formation  in  injected  mice  was  not  recorded  until  the  mice  died  (1-1 1/2  years). 

These  same  treated  and  untreated  cell  populations  were  seeded  onto  CES,  in  vitro. 
The  CES  organ  cultures  were  modified  in  the  following  manner  to  optimize  the  frequency' 
of  success  for  a  rapid  evaluation  of  cellular  neoplasia,  (9).  We  (10)  have 


successfully  applied  this  technique  to  evaluation  of  carcinogen  induced  epithelial  cell 
neoplasia.  Growth  of  the  treated  epithelial  cells  into  the  CES  simulated  squamous  cell 
carcinomas. 

Fertile  eggs  were  incubated  9  to  10  days  in  a  humidified  egg  incubator,  (Humidair 
Incubator  Co.,  New  Madison,  Ohio).  The  embryos  were  removed  and  the  skin  removed 
from  the  embryo.  These  pieces  of  skin  were  then  placed  on  agar  bases  containing  10 
parts  of  1%  agar  (Bacto-agar)  in  Earle's  balanced  salt  solution  without  bicarbonate.  This 
preparation  also  contained  4  parts  FBS  and  4  parts  chick  embryo  extract,  (9).  The 
enriched  agar  base  was  poured  over  a  steel  grid  implanted  into  the  agar  base.  A  6-8  mm 
diameter  section  of  skin  was  layered  onto  the  base  dermis-side  up.  A  sterile  glass  ring  2 
mm  in  thickness  -  8  mm  in  diameter  was  laid  over  the  skin.  Populations  from  untreated 
and  treated  cell  populations,  containing  10$  cells  were  suspended  in  0.025  ml  of  CM+20% 
FBS  and  seeded  into  the  rings.  The  dishes  were  then  incubated  in  a  4%  C02  humidified 
enriched  air  atmosphere  at  37<>C.  On  day  2  an  additional  0.015  ml  of  CM  20%  FBS  was 
added  to  the  rings.  On  day  4  the  system  was  fixed  in  Bouin's  solution,  embedded  in 
parafin  stained  with  hematoxylin  and  eosin  and  evaluated  by  light  microscopy. 
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Results 

There  is  variation  in  cytotoxic  response  of  treated  fibroblast  to  treatment  when 
the  fibroblasts  are  obtained  from  different  donors.  The  values  reported  in  Table  1  for 
E.D.50  values  are  Mean  values  for  8  different  wells.  These  concentrations  were  used  as 
a  carcinogenic  dose  for  treatment  of  the  populations  in  S.  The  compounds  BPDEtt),  j3- 
propiolactone  and  MAMA  have  a  relative  brief  half  life  and  were  left  on  the  cells  in  S  for 
30  minutes  for  BPDE(I)  or  3  hr  for  JB-PL  or  MAMA.  The  chemicals,  either  Aflatoxin  or 
THDMBA  were  left  on  the  cells  for  12  hrs. 

These  cell  populations  treated  in  S  were  serially  passaged  for  16  PDL  prior  to 
seeding  the  populations  into  soft  agar,  Table  L  All  of  the  populations  treated  with  each 
carcinogen  exhibited  colony  formation  when  seeded  into  soft  agar. 

Once  the  protocol  for  transformation  has  been  completed  and  abnormal  colonies 
identified  the  cells  were  serially  passaged.  These  cultures  were  continually  passaged  for 
another  16  PDL.  At  that  time  the  populations  were  seeded  into  soft  agar.  We  have 
observed  formation  from  10-900  colonies  -10“5  cells,  (Table  1)  dependent  upon  the 
carcinogen  treatment.  Aflatoxin  B^  transformed  cells  produced  10  colonies  per  10*> 
treated  cells  seeded  in  soft  agar  while  methylazoxy  methanol  acetate  treated  cells 
produced  900  cells  per  IQ5  treated  cells.  These  colonies  were  removed,  pooled  and 
reseeded  in  culture.  After  10  PDL^SxlO6  cells  were  injected  subcutaneously  into  nude 
mice.  Tumor  takes  were  counted  4  weeks  later.  In  three  out  of  five  transformed  cell 
populations  exhibiting  anchorage  independent  growth  in  soft  agar,  formed  tumors  in  nude 
mice,  (Table  1).  Tumor  incidence  ranges  from  2  mice  giving  rise  to  undifferentiated 
mesenchymal  tumors  following  the  reception  of  5x10®  methyl  azoxy  methanol  acetate 
per  16  receiving  the  inoculum^  to  3/14  receiving  the  aflatoxin  treated  cells.  The  nude 
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mice  receiving  treated  cells  were  not  scored  as  negative  until  1  year  later.  The  nude 
mice  under  our  environmental  conditions  lived  for  1-1  i  years.  The  same  untreated  (Fig. 
1-A  and  Treated  (Fig.  1-5),  populations  that  were  injected  into  the  nude  mice  were 
seeded  on  the  CES  (Fig.  1  A  <5e  B):  Five  micron  thick  hematoxylin  and  eosin  stained 
sections  were  examined,  (Fig.  1-B).  The  transformed  cells  penetrated  into  the  layers  of 
the  CES,  in  many  cases  complete  interruption  of  8-10  layers  of  chick  cells  were 
observed.  The  presence  of  mitotic  figures  in  the  invading  transformed  cell  populations 
was  observed.  Tumors  simulated  fibrosarcomas.  The  invasiveness  of  these  proliferating 
transformed  human  fibroblast  populations  implies  malignancy  but  are  not  to  be  compared 
to  metases,  (Fig.  1-B).  We  want  to  imply  that  these  chemical  carcinogen  transformed 
cells  contain  the  ability  to  form  localized  growth  (tumors)  on  CES.  We  want  to  state 
also  that  there  is  a  strong  correlation  between  the  tumor  incidence  in  nude  mice,  growth 
in  soft  agar  and  microtumor  formation  in  CES.  Untreated  cell  populations  seeded  onto 
CES  did  not  penetrate  the  upper  layer  of  CES,  (Fig.  1-A).  Moreover,  transformed  human 
nasopharyngeal  and  testicular  carcinoma  cells  formed  localized  tumors  in  nude  mice  and 
invaded  CES.  The  chemically  transformed  populations  from  all  5  carcinogen  treated 
populations  (Table  1)  were  designated  as  fibrosarcomas. 

These  colonies  were  removed  from  the  soft-agar  and  reseeded  in  culture.  After  10 
PDL  5xlQ6  cells  were  injected  subcutaneously  into  nude  mice.  Tumor  takes  were 
counted  4  weeks  later.  In  three  out  of  the  5  transformed  cell  populations  exhibiting 
anchorage  independent  growth  in  soft  agar  formed  tumors  in  nude  mice.  The  nude  mice 
receiving  treated  cells  were  not  scored  as  negative  until  1  year  later.  The  nude  mice 
under  our  environmental  conditions  live  for  1-1  1/2  years.  Both  treated  and  untreated 
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populations  were  also  seeded  onto  CES  and  3  days  later  the  skin  explants  were  removed, 
fixed,  embedded  in  parafin,  stained  with  hematoxylin  and  eosin,  sectioned  into  5  M  thick 
sections  and  examined  by  a  histopathologist,  (Fig.  1-B). 

On  all  of  the  untreated  CES  organ  explants  the  normal  untreated  foreskin 
fibroblast  populations  did  not  proliferate,  (Fig.  1-B). 

The  transformed  cell  populations  from  all  the  3  carcinogen  treated  populations 
invaded  the  dermal  layers  of  CES  in  3  days,  (Fig.  1-A).  The  tumors  contained  mitotic 
figures  and  were  designated  as  fibrosarcomas. 
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DISCUSSION 


In  recent  investigations  we  have  been  able  to  evaluate  transformed  human  cell 
populations  for  their  anchorage  -  independent  -  growth  in  a  semi-solid  medium  (1)  or  for 
their  tumor  potential  in  nude  mice,  (2).  Moreover,  it  was  interesting  to  note  that  in  each 
case  the  tumors  produced  by  chemical  carcinogen  transformed  cell  populations  that 
exhibited  anchorage-independent  -  growth  characteristics  were  classified  as 
undifferentiated  mesenchymal  tumors  (1,2)  when  evaluated  in  nude  mice  while  FeSV 
transformed  cell  populations  induced  tumors  were  classified  as  fibromas  (11),  and  physical 
carcinogen  (U.V254nm  or  137cs)  induced  transformed  cell  populations  (7)  were  classified 
as  myxofibromas.  These  evaluations  of  neoplasia  in  the  nude  mouse  took  several  weeks 
to  one  year,  (1,2,6).  With  CES  the  evaluations  of  cellular  neoplasia  can  be  completed 
within  4  days  following  seeding  of  the  cells  onto  the  dermis  of  the  CES.  We  have  not 
observed  invasion  of  the  CES  by  untreated  cell  populations.  In  every  CES  that  receive 
human  nasopharyngeal  carcinoman  or  testicular  carcinoma  cells  when  tested  they  always 
formed  tumors  in  nude  mice  and  invaded  the  CES.  With  both  negative  and  positive 
control  populations  we  concluded  that  the  CES  system  can  be  effectively  used  in  vitro  to 
evaluate  carcinogen  induced  neoplasia  of  diploid  human  cells  to  a  neoplastic  stage. 

With  the  current  technology  to  transform  human  cells  in  vitro  with  physical 
carcinogens  and  chemical  carcinogens  we  can  now  evaluate  the  neoplastic  potential  of 
these  cells  on  CES  in  vitro  with  a  high  degree  of  reliability  and  reproducibility  and  within 
a  reasonable  period  of  time  from  induction  to  neoplasia  of  6-10  weeks  instead  of  1-1 1/2 
years.  Recently,  we  have  adapted  this  assay  to  evaluating  chemically  transformed 
human  epithelial  foreskin  populations,  in  vitro  for  evidence  of  cellular  neoplasia.  The 

system  lends  itself  to  a  rapid  inexpensive  assay  that  has  a  high  correlation  with  growth 

/ 

of  the  treated  cells  in  soft  agar  and  growth  of  transformed  cells  in  nude  mice. 
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Weisbrode,  a  pathologist  for  his  interpretation  of  the  tumors.  This  work  was  supported  in 
part  by  AFSOR  F49620-80  and  NIH-NCI  R01-CA-25907 


L 


i 


m 


.14 

LEGEND  TABLE  1 


a)  The  selection  of  these  compounds  was  based  upon  prior  knowledge  that  they 
represent  a  cross-section  of  compounds  requiring  no  activation  .  The  compounds 
Aflatoxin  Bj,  Benzo  (a)  pyrene  diol  epoxide-I,  were  furnished  by  the  NCI  chemical 
repository  I.I.T.R.I.;  ^-propiolactone  was  a  generous  gift  from  Dr.  Joseph  DiPaolo, 
DCCP,  NCI.  Methyl  azoxy  methanol  acetate  was  a  generous  gift  from  Ms.  Marilyn 
George,  Department  of  Defense,  A.F.S.O.R.  Wright  Patterson  Airforce  Base 
Dayton,  Ohio;  1,2, 3, 4  tetrahydro-7,12  dimethylbenz(a)nthracene  was  synthesized  and 
characterized  here  at  O.S.U.  by  Dr.  Donald  Witiak  et  al*.  This  compound  is  the 
reduced  A-ring  analogue  of  7,12  dimethyl  benz(a)anthracene,  (7,12  DMBA). 

b)  These  concentrations  were  selected  due  to  their  individual  effects  on  cell 
'  proliferation  as  measured  by  alternation  in  cloning  of  cell  populations  at  a  low  cell 

density  of  1000  cells  25cm2,  Milo,  G.,  et  al  In  Vitro  In  Press  (1981).  The 
concentration  used  here  represent  50%  cytotoxic  doses. 

c)  Frequency  of  colony  growth  in  soft  agar  is  'described  as  the  formation  of  colonies 
of  50  cells  or  more  when  fifty-thousand  cells  at  20  PDL  were  seeded  into  2  ml  of 
0.33%  agar  supplemented  with  LoCal  and  20%  FBS,  overlaid  over  a  2.0%  agar  base 
suplemented  with  RPMI-1629  and  20%  FBS  in  a  25  cm2  well.  The  colonies  were 
counted  after  28  days.  The  frequency  of  growth  is  expressed  as  the  number  of 
colonies  formed  per  10s  cells. 
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d)  The  tumor  incidence  is  expressed  as:  the  numerator  value  is  the  number  of  mice 
giving  rise  to  tumors  0.8  -  1.2  cm  in  size  at  4-6  weeks  after  injection  of  5x10®  cells 
per  animal  subcutaneously  and  the  denominator  is  the  total  number  of  nude  mice 
injected.  All  animals  used  in  these  experiments  were  3-6  weeks  of  age  and 
preirradiated  with  450  RADS  whole  body  irradiation  24-48  hrs  prior  to  injection. 
All  animals  were  housed  under  cyclic  light-dark  cycle  over  a  12-12  hr  cycle.  The 
lighting  in  the  animal  room  was  a  GE  gold  fluorescent  light. 

e)  The  incidence  of  invasiveness  of  chick  embryonic  skin  organ  (CES)  in  vitro  was 
measured  on  the  4th  day,  i.e.t  3  full  days  following  seeding  of  the  cells  on  CES. 
Treated  cell  populations  that  exhibited  anchorage  -  independent  -growth  and 
untreated  populations  were  examined  on  CES.  The  incidence  of  invasiveness  is 
expressed  as:  the  numerator  value  is  the  number  of  CES  positive  for  the  presence 
of  invading  human  transformed  cells  seeded  per  total  number  of  CES  seeded. 
These  figures  represent  values  for  3-4  replicates.  Out  of  3  to  4  slides  per  CES,  we 
observed  that  at  least  1  out  of  3  slides  were  positive  for  all  populations  examined. 
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Legend  1.  In  Fig.  l-A  chick  embryonic  (CES  from  9  day  old  chick  embryo)  prepared  as 
described  in  Materials  and  Methods  section  were  supplanted  onto  a  5  ml  1%  Bacto-agar 
base  supplemented  with  growth  factors.  One  hundred  thousand  untreated  cells  were 
seeded  onto  the  CES  and  these  organ  cultures  incubated  at  37°  for  4  days  in  a  4%  CO2 
enriched  air  environment  (x  160).  These  fibroblasts  appeared  as  necrotic  cells  on  the 
dermal  surface  of  the  CES. 

In  Fig.  1~B  CES  organ  cultures  prepared  as  described  above  received  10$  cells  of 
transformed  cells  restablished  from  0.33%  agar  layers.  After  4  days  in  a  4%  CO2 
enriched-air  environment  they  were  evaluated.  Invasion  of  the  CES  by  the  transformed 
cells  is  illustrated  by  arrows. 
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Kffcct  of  pH  on  the  neoplastic  transformation  of  normal 
human  skin  fibroblasts  by  N-hydroxy- 1-nap  thy  lamine  and 
N  -hydroxy-2-naphthylamine 
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l  lie  cuavenioa  o(  urinary  N-hydroxy  ary  tamtam  to  car- 
.immenic  electrophiles  under  mildly  addle  conditions  in 
i  U»*  madder  luuten  hue  been  prog  need  as  an  cm  ml  in  I  alep 
hi  ir\  Hm  me  induced  urinary  bladder  eairtnofenmie 
i  ••  lot  Hie  hypothesis  ihot  etiracailular  (attention  0 f  an 
intimate  araooReak  species  an  initiate  a  neoplastic 
i  ni  normal  hamnn  nbroMasts  were  exposed  to  N-hy 
hum -I-  and  2-naphthytmnine  (N-HO-t-iNA  and  N- 
1IU-1-.SA)  at  pH  S  ami  pH  7.  With  both  compounds, 
.iiivltuRMte  independent  growth  of  uansformed  Oils  in 
-mi  aipir  were  enhanced  3-  to  7-foid  in  (fee  pH  5  iaenfeo* 
t  M  Ml  A ,  Injection  uf  the  N-HCM-.NA  and  N-HO-lnNA* 
iraiMurmed  ceiis  into  nude  mice  moiled  in  tumors  in 
i  .1  and  2/7  animals,  respectively,  la  a  control  sxperi- 
■  iicti  i .  no  differences  in  transformation  pf  tbass  ceiis  hy 
ubiiiMo  U,  were  observed  between  pH  3  and  pH  7  a- 
iiKMirm.  Thus,  the  mnits  are  conshuent  with  the  hypo* 
itioiv  that  ultimate  cnidnofsnle  eketrophiies, 
avtKfjtcd  extraceiUiiariy .  can  enter  an  intact  ceil  and  in* 
•  t iivi*  ncoptasin.  Attenaliveiy,  the  pomibiiity  of  a  local 
uiiracellufcir  acidic  unvmienunn  near  the  ceil  snrfoce 
awl  its  role  in  the  generation  of  a  reactive  electrophile 
ii'.iiinis  to  urinary  bladder  caremogsaari*  is  disatssed. 


s. Hydroxy  arylamt^s  hive  been  postulated  ss 
ii  i  mute  carciaopcnic  metabolites  for  the  induction  of 
•iniury  bladder  cancer  by  aromndc  amines  and  nitro- 
>u  tiict  1 1  -4).  The  N-hydroxy  derivatives  enter  the  bind- 

'I'-uwin  :\hMk  Greene  Tisdcolefy,  Oepu  Ores  Safety  gsehie 
'■t-rmi  Wuneewual,  Sprue  Haem,  PA  19*77,  USA  ■ 
"UuMir  :o  wtiaai  ill  cowemeedesee  tSeetd  be  addraxd  at  The 
t  >»iii’roiawve  Gieesr  Center.  OiUe  Sum  Ueivernty,  410  W. 

Man*.  Cehnehe*.  OH  4J2J0.  USA. 
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.iiihw;  mho-1-na.  N-HyO/ery-t  ssnmhylssoae  CM,  nneietee 
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uo  lumen  as  urinary  N-glucuronide  conjugates  which 
.r.iiioiyzc  to  the  free  N-hydroxy  arylamines, 
>..i  .nuiarly  under  the  mildly  acidic  conditions  normally 
iiuu.d  m  human  and  canine  urines  (2).  Under  the  same 
..nun.  conditions,  the  N-hydroxy  metabolites  may  be 
liicmically  convened  to  reactive  electrophiles;  and  the 
mveguent  binding  of  these  urinary  electrophiles 
..utniiiicliui  nucleic  acids  has  been  proposed  to  be  a 
.Aical  event  in  arylamine-induced  bladder  carcino- 
ccucsis  l2— 4). 

i'  cviou.s  studies  have  shown  that  the  in  vitro  binding 
s-iiydroxy-l-uaphUiylaminc  (N-HO-l-NA)*  or 
\  .uiroxy-2-naphthyiamme  (N-HO-2-NA)  to  calf 
..  ■  mus  DN  A  increases  20-fold  as  incubation  conditions 
..i  .ucred  from  a  neutral  to  a  slightly  acidic  pH  (2,5,6). 
\  .ui-i  -N  A  reacted  with  the  DNA  exclusively  at  the O* 
..  ...  oi  deoxyguanosme.  while  N-HO-2-NA  yielded 
.i.uucts  at  the  N*  position  of  deoxyadenosine  and  at  the 
•mi  ex  atoms  oi  dcoxyguunosinc  (5.6). 

..  dm  mechanism  is  important  in  the  initiation  of 

. . .  bladder  carcinogenesis,  then  the  passage  of 

hoc  highly  reactive  electrophiles  from  the  extracellular 
uMinieiu  <c.g.,  bladder  lumen)  into  the  intact  target 
....  te.g.  urothelium)  must  occur.  To  test  this  hypo- 
iu.  mi.  we  examined  the  effect  of  extracellular  pH  on  the 
;ouuy  of  N-HO-l-NA  and  N-HO-2-NA  to  induce  the 
....  formation  of  normal  human  neonatal  skin  (NSF) 
.... miasts.  Tins  system,  which  has  been  extensively 
.;i..i.ictcrucd  (7-11).  was  selected  as  an  appropriate 
.....;ci  ;or  evaluating  ultimate  unnary  bladder  carcino- 
:cii'  since  N-hvdroxy  arylamines  not  only  induce 
.  iiiuoma.s  when  instilled  urcthraily  into  the  bladder 

. hi  (12).  but  also  induce  sarcomas  at  sites  of  s.c.  or 

..nplicauon (12- 15; and  E.C.Miller.  F.F.Kadlubar, 
i  Scribner,  and  J  .A. Miller,  unpublished  studies). 

.  .ic  methods  of  transformation  of  normal  human 
... , miasts  have  been  described  in  detail  elsewhere  (7,8). 
’  .m.iry  cultures  of  NFS  fibroblasts  (9,10)  were  grown 
..  i  uglcs’  minimal  essential  medium  with  Hank’s 
•  >./.m.cd  salt  solution -25.0  mM  HEPES  buffer  (Grand 
isimid  Biological  Company.  Grand  Island,  NY),  pH 
'  2.  supplemented  with  1.0  mM  sodium  pyruvate,  0.1 
u\i  nonesscntul  amuio  acids  (MA  Bioproducts, 
iiciiicsda.  MO)  2.0  mM  glutamine  (MA  Bioproducts), 
..  : sodium  bicarbonate,  5.0  i*g/ral  gcntamycin,  and 
..i“"  leiul  bovine  scrum  (FBS,  Rchatuim,  Kcbcts 
y  iicmieal  Company,  Phoenix,  A 2),  hereafter  referred 
;>>  is  complete  medium  (CM).  Cultures  were  maintained 
.1  7  c  in  a  4%  CO],  high  humidity  environment.  The 
. ,  u  were  purged  to  population  doubling  (POL)  5,  and 
si.i.i  ai  coniliicm density  were  removed  by  trypsinisa- 
...in  (U.CVs)  and  reseeded  into  73  cm1  tissue  culture 

,il  .'i  I '4  snlir  mtir>  >•*  ——  - — 


All  handling  of  the  test  compounds  was  conducted 
.iiidcr  gold  light  (G.E.  Ultmbright  Tubes)  or  in  the 
j.uk.  As  indicated  below,  most  manipulations  were 
..irricd  out  in  an  inert  atmosphere  in  order  to  ensure 
.^impound  stability.  N-HO-l-NAand  N-HO-2-N  A  were 
i  m ii<.-sucd  by  the  method  of  Willstatler  and  Kubli  (16). 
i  he  carcinogens  were  dissolved  in  acetone  (Spectrar 
,-!.iue.  Mallinckrodt,  Inc..  Paris,  KY),  under  argon,  at  a 
..meentraiion  of  1.0  mg/mi  just  prior  to  use.  The 
ejiment  medium  consisted  of  CM  minus  FBS  (pH  7), 
.uvl  a  was  adjusted  to  pH  5.0  and  pH  7.0  with  HC1  and 
NaOH,  respectively,  deaerated  by  aspiration,  and 
purged  with  argon. 

Hie  cultures  in  early  S  were  washed  with  the 
appropriate  treatment  medium  (pH  5.0  or  7.0)  and  the 
'  lasts  were  gassed  with  argon.  Just  prior  to  the  addition 
i>  the  cultures,  N-HO-I-NA  and  N-HO-2-NA  were 
.vided  to  the  treatment  medium  at  concentrations  of  2.0 
a  ml,  which  was  determined  to  be  the  EDW  (dose 
.  iicctive  in  reducing  the  cloning  efficiency  to  50%  of 
die  control;  ref.  8)  for  these  compounds  on  NFS  fibre- 
i.ists  at  both  pH  5  and  7.  The  comparative  viability  of 
..  Ji  ceil  population  was  the  same  for  pH  5.0  and  7.0  at 
...i  LU,0  cytotoxic  value.  The  acetone  concentration  was 
i  2%,  the  same  concentration  to  which  control  cultures 
a  pt  I  5.0  and  pH  7.0  were  exposed.  Once  the  carcino¬ 
gens  were  added,  the  medium  was  immediately  added  to 
no  cultures  (15  ml  flask),  and  they  were  placed  at  37*C 
or  15  min.  In  separate,  IS  min  incubations  without 
.cils.  the  recovery  (2)  of  N-HO-l-NA  was  97  *  2%  at 
,11  5.0  and  97  *  4%  at  pH  7.0;  for  N-HO-2-NA.  the 
i  .dues  were 97  ±  3%  and  93  *  2%,  respectively  (n-3). 

I  oilowing  the  exposure  period,  the  carcinogens  were 
.moved,  the  cultures  were  washed  with  Cm,  and  then 
icy  were  fed  with  8x  medium  (CM  supplemented  with 
s\  noncsscntial  amino  acids,  2x  vitamin^,  and  20% 
i  US).  When  the  cells  reached  near  conliuem  density 

•  mi  die  cultures  were  passaged  ai  1:10  split  ratios 

n  ,v\  medium  until  they  reached  PDL  20.  At  this  point, 
icy  were  seeded  into  0.33%  agar  and  the  frequency  of 
ninny  formation  in  soft  agar  was  determined  (8). 
Monolayer  cultures  were  reestablished  from  colonies 
icmovcd  from  the  agar,  and  the  ceils  were  subsequently 
injected  s.c.  into  preirradiated  nude  mice  in  order  to 
ueierminc  the  neoplastic  potential  of  the  transformed 
.ells  (7,8). 

The  results  of  the  transformation  experiments  are 
presented  in  Table  1.  The  studies  were  done  on  2 
separate  occasions  with  comparable  results.  Treatment 
Mill  N-HO-I-NA  at  pH  5.0  induced  colony  formation 
hi  soli  agar  at  frequencies  of  6.9  and  3J  limes  that 
induced  at  pH  7.0  in  experiments  1  and  2,  respectively, 
'similarly,  treatment  with  N-HO-2-NA  at  pH  5.0 
ndueed  colony  formation  frequencies  in  soft  agar  of  4.1 

•  ind  4.0  limes  thill  I  •><  7  ^  >r  1 
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In  order  to  determine  the  tumorigcnic  properties  of 
i lie  transformed  cells,  monolayer  cultujA  were  re¬ 
established  from  boluses  induced  by  N-HO-1-NA  and 
\-l  10-2-NA  at  pH  5. 0  in  experiment  2.  One  of  S  mice 
developed  a  tumor  following  the  injection  of  N-HO-1- 
\A  transformed  ceils,  and  2  of  7  mice  developed  tumors 
i. mowing  the  injection  of  N-HO-2-NA  tranformed 
tells.  Tumor  development  following  the  injection  of 
normal  filjhoblasts  into  the  nude  mouse  has  never  been 
ten  in  ourluboraiory  ^As  described  previously  (7,8,1 1), 
morphologically  transformed  cells  (/SS  x  10*)  were 
m sectcd  s.c.  into  the  interscapular  region  of  5-6  week 
.  >i  nude  mice.  By  4  weeks,  tumors  were  0.8  — 1.2  cm, 

1 1  icy  were  then  enumera/d  and  histopathologic  studies 
oi  i lie  masses  confirmed  diem  as  neoplastic,  undifferen¬ 
tiated  mesenchymal  tumors  with  varying  abnormal 
-.nryotypes  (7,8,11)). 

As  a  control  for  the  possible  effects  of  pH  on  the 
sensitivity  of  these  cells  for  transformation,  5  nu/ml  of 
ni  i.uoxin  B,  was  also  added  to  the  companion  fibroblast 
cultures  at  pH  7.0  and  5.0  as  described  above.  After  20 
i'UI  .  the  treated  cell  populations  were  seeded  in  0.33% 
mi.ir.  The  frequencies  of  colony  formation  in  each  treat¬ 
ment  at  pH  5.0  and  7,0  fog  2  rTprrimmtr  •vae  z-np^par. 
iuic:<T3j>lj2)*colonics/IO>  cells  at  pH  5.0  and  9-13 
.minics/To*  cells  lor  pH  7.0.  Moreover,  the  growth  rate 
•  i  the  pH  5.0  and  7.0  treated  populations  was  not 
appreciably  different.  These  aflatoxm -treated  cells  in 
ivo  experiments  also  formed  tumors  in  nude  mice  at  a 
iicpicucy  of  4  or  6  tuniors/7  mice  for  treated  cells  at 
pl  I  5.0  and  3  tumors/ 8  miee  at  pH  7.0. 

Repeated  attempts  were  also  made  to  estimate  the 
covalent  binding  of  the  carcinogenic  N-hydroxy  aryl- 
aniines  to  the  DNA  of  NFS  cells  after  the  15  min 
exposure  period  using  (5,6,7,8-JH|N-HO-2-NA  (373 
inCi/mmol)  or  [3-JH]N-HO-l-NA  (181  mCi/mmol), 
obtained  from  Or  R.Roth,  Midwest  Research  Institute, 
Kansas  City,  MO.  Although  the  DNA,  which  was 
isolated  by  hydroxyiapaiitc  chromatography  (17), 
consistently  contained  low  levels  of  radioactivity 
i  loo  —  600  d.p.m.  corresponding  0.3  — 1.0  naphthyl 
msidnes/IO*  nucleotides),  these  amounts  were  too  low 
n<  permit  quantiuttivc  comparisons  between  pH  5.0  and 
pl  I  7.0  incubations. 

t  hus,  the  results  obtained  in  this  study  clearly 
ocim^tratc  that  acidic  pH  substantially  increases  the 

I I  equehey  of  transformation  of  normal  cells  exposed  to 
carcinogenic  N-hydroxy  aryiamines.  The  possibility  that 

I I I  is  is  simply  due  to  the  increased  uptake  of  the 
N-hydroxy  compounds  at  pH  5  seems  unlikely  since  no 
similar  increase  was  noted  above  for  aflatoxin  B,.  In 
addition,  when  N-HO-l-NA  and  N-HO-2-NA  were 
instilled  directly  into  the  urinary  bladder  in  pH  5-  and 
pil  7-buffcrcd  solutions,  no  differences  in  their 
absorption  or  entry  into  the  circulation  were  observed 
iiM.  However,  since  N-hydroxy  aryiamines  partially 
.iccompo.se  to  electrophiles  under  acidic  conditions,  the 
•tuia  indicate  that  these  ultimate  carcinogenic  species 
tii.iv  enter  the  n.vt.vctivr  ertvi.-.-.r.— :*.f  ca"  r.v._: 
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lmiosamincs  and  nitrosamides  (19,20),  indicate  a 
,.uni;ir  effect  of  pH  on  their  S 9-dependent  mutagenicity 
,ii  \,ilinuiie//a  lyphunuriuiii.  Although  it  was  suggested 
in. ii  cells  may  become  sensitized  to  mutagens  at  acidic 
pH.  a  is  also  likely  that  metabolicaily  formed  electro¬ 
philes,  presumably  alkyldiazonium  ions,  might  be 
cMvcted  to  have  greater  stability  at  acidic  pH  and  thus 
■  mo  the  bacterial  cell  and  result  in  a  mutation.  Thcrc- 
ime.  it  is  reasonable  to  assume  that  the  carcinogenic 
s -h yd roxy  ary lamines  and  their  electrophilic  derivatives 
nmcd  in  the  bladder  lumen  or  at  the  ceil  surface  under 
acidic  conditions,  can  alter  the  urothelial  cell  by 
icaction  with  critical  informational  macromolecules, 
thereby  initiating  the  neoplastic  process. 
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Table  I 


1  ilcct  of  treatment  pH 
\.ii\.josy  napthylamincs 

on  colony 

formation  in 

soft  agar  by 

Colony  formation6 

1  ic.nmcnr* 

pH  3.0 

pH  7,0 

pH  3.0/ 
pH  7.0 

N-IIO-I-NA  (Exp.  *1) 

131  d  7 

19  a  3 

6.9 

(Exp.  #2) 

30  a  3 

9  a  2 

3.3 

N  Htl-2-NA  (Exp.  #  1) 

93  a  6 

23  a  4 

4.1 

Uixp.  12) 

38  a  3 

7  a  3 

4.0 

\tl.iui\m  11,  (Exp.  * ) 

13  a  2 

.  9  a  3 

1.4 

(Exp.  *2) 

16  a  a 

13  a  2 

1.2 

(  illlllOl 

0 

0 

— 

i  /<•  o  used  were  2.0  ag/mi  lor  N-HO-l-NA  and  N-HO-2-NA,  and  3 
mi  ior  allatoxin  11,.  Controls  (pH  3.0 and  pH  7.0)  were  exposed  to 

■  2”  ..  acetone. 

i  leniency  III  growth  in  .suit  agar  (0.33%).  expressed  ax  the  number 
..  w . .ii.iiio.  per  IliO.UOOcdK.  loach  wdl  received  30,000  treated  edix in 
.  mi  •»  \oit  agar  seeded  over  a  3  mi  2%  agar  bate  (8.1 1).  For  each 
.line  given,  a  s.d.  is  expressed  and  is  based  on  results  from  eight  wdis 
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.1.  W  .Oldliam,  K-K-Kadlubar  and  GX.Milo 
I  ranshirmuiion  of  human  librubiutu  by  N -hydroxy  arytamincs 
I  \\  tililliam,  K.K.Kudlubur  and  (j.tsJMUu 
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SUMMARY 

The  polynuclear  aromatic  hydrocarbons  (PAH)  benzo[a]pyiene  (BP)  and 
the  A-ring  reduced  analogue  of  7, 12-dimethylbenz [a] anthracene  (DMBA), 

1 ,2,3,4-tetrahydro-7,12-dimethyIbenz[a]anthrJcene  (TH-DMBA)are  carcino¬ 
genic  to  human  cells.  The  unsaturated  PAH,  DMBA  exhibits  no  carcinogenic 
activity  on  human  cells  as  measured  by  growth  in  soft  agar.  The  TH-DMBA 
and  BP  treated  cells  exhibit  a  colony  frequency  in  soft  agar  of  84  and  86, 
respectively.  These  anchorage  independent  cells,  when  seeded  on  the  chick 
embryonic  skin  (CES)  organ  cultures,  are  invasive  and  form  a  fibrosarcoma. 

It  is  highly  unlikely  that  TH-DMBA,  which  does  not  contain  an  aromatic 
A-ring,  can  undergo  metabolism  in  human  cells  in  culture  to  form  a  bay 
region  3,4-dihydrodiol-l,2 -epoxide.  These  results  suggest  that  an  alternate 
mechanism  for  the  induction  of  carcinogenesis  is  appropriate  to  explain  the 
absence  of  bay  region  diol-epoxide  metabolite  as  the  ultimate  form  of  the 
carcinogen  in  TH-DMBA  induced  carcinogenesis  in  human  diploid  cells. 


INTRODUCTION 

Metabolic  conversion  of  PAH  such  as  BP  and  DMBA  has  been  shown  to 
precede  an  expression  of  their  toxic,  mutagenic  or  carcinogenic  activities 
[1,2,5,6,17,21] .  Our  previous  studies  with  BP  have  indicated  that  this  car- 
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cinogen  can  induce  neoplastic  transformation  in  proliferating  human  skin 
fibroblast  cells  when  added  during  the  S  phase  of  the  cell  cycle  [4,  Milo 
et  al.,  unpublished  data] .  Although  DMBA  can  induce  a  carcinogenic  event 
in  rodent  cells  in  culture  [12] ,  this  PAH  does  not  induce  such  an  event  in 
proliferating  human  skin  fibroblast  ceils  in  culture  [4] . 

Previous  results  from  our  laboratory  have  indicated  that  BP  is  taken  up 
and  initially  bound  to  a  cytoplasmic  lipoprotein  complex  present  in  human 
skin  fibroblast  cells  before  being  transported  to  the  nucleus  [4,19.  Tejwani, 
unpublished  data] .  DMBA,  on  the  other  hand,  is  randomly  dispersed 
throughout  these  cells  and  is  not  bound  to  the  cytoplasmic  lipoprotein 
complex  [4,  Tejwani,  unpublished  data] .  These  differences  may  in  part 
explain  the  induction  of  neoplastic  transformation  in  the  normal  human  skin 
fibroblast  ceils  by  BP  and  not  by  DMBA. 

The  bay  region  diol-epoxide  of  DMBA,  the  3 ,4-dihydrodiol-l  ,2-epoxide, 
has  been  proposed  to  be  the  major  metabolite  responsible  for  the  mutagenic 
and  carcinogenic  activities  of  this  PAH  in  rodent  cells  [3,18] .  Consistent 
with  this  proposal,  DMBA  exhibits  mutagenicity  in  the  Ames  assay  only 
in  the  presence  of  a  microsomal  activation  system  [7  ] . 

The  observation  that  the  PAH  TH-DMBA  was  mutagenic  in  the  absence  or 
presence  of  a  microsomal  activation  system,  using  3  strains  (TA1537,  TA98, 
TA100)  of  Salmonella  typhimurium  [7] ,  provided  impetus  to  study  this 
A-ring  reduced  analogue  for  carcinogenic  activity,  using  human  ceils.  Since 
TH-DMBA  cannot  be  expected  to  yield  a  bay  region  diol-epoxide  unless 
it  was  first  oxidized  (aromatized)  to  DMBA,  this  A-ring  reduced  analogue 
should  serve  as  a  useful  probe  for  investigating  alternate  mechanisms  of 
transformation. 

In  our  laboratory,  we  have  defined  several  indices  of  human  fibroblast 
cell  transformation  in  response  to  a  variety  of  chemical  carcinogens.  These 
include  morphological  changes,  extended  life  span,  growth  in  culture  condi¬ 
tions  toxic  for  untreated  normal  cells,  increase  in  lectin  agglutinability  and 
alteration  in  cellular  prostaglandin  levels  [10] .  The  anchorage-independent 
growth  of  transformed  cells  in  soft  agar  has  been  the  most  consistent  and 
reliable  indicator  of  tumor  production  in  athymic  nude  mice  and  on  the 
CES  organ  culture  system. 

In  this  report,  data  are  presented  on  the  carcinogenicity  of  TH-DMBA  in 
human  neonatal  foreskin  (HNF)  fibroblast  cells  in  culture. 

MATERIALS  AND  METHODS 

Chemicals 

DMBA  was  purchased  from  Eastman  Chemical  Company  and  BP  was 
received  from  the  National  Cancer  Institute  Repository.  TH-DMBA  was 
synthesized  by  a  method  previously  described  [7,20] .  The  hydrocarbon  was 
purified  on  a  Spherisorb  ODS  5  um  column  (4.5  mm  X  25  cm)  using  a  linear 
gradient  of  25—100%  methanol  for  1  h.  All  solvents  were  of  reagent  or 
analytical  grade. 
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Cell  cultures  and  treatment  of  cells  with  PAH 

Primary  HNF  cell  cultures  were  established  as  described  previously  [14] . 
Randomly  proliferating  cell  populations,  derived  from  human  foreskin 
tissues  dispersed  with  collagenase,  were  passaged  in  complete  growth 
medium  (CM)  composed  of  Eagle’s  minimum  essential  medium:  25  mM 
Hepes  buffer  (pH  7.2)  supplemented  with  1  mM  sodium  pyruvate,  0.1  mM 
•non 'essential  amino  acids,  2  mM  glutamine,  50  fig/mi  gentocin,  Q2%  sodium 
bicarbonate  and  10%  fetal  bovine  serum  (FBS)  in  a  4%  CO:-enriched  air 
atmosphere  at  37*0 .  HNF  cells  passaged  at  a  1  :  4  split  ratio  reached  con- 
fluency  in  4  days. 

Preconfluent  (70—80%)  logarithmically  growing  HNF  cell  populations 
between  population  doubling  (PDL)  4  to  5  were  blocked  at  the  Gi/S  phase 
of  the  cell  cycle  by  feeding  the  cultures  with  non-proliferating  Dulbecco’s 
modified  Eagle's  medium  supplemented  with  50  ^g/ml  gentocin,  1  mM 
sodium  pyruvate  and  10%  dialyzed  FBS  [8—10] .  Twenty  four  hours  after 
seeding,  when  the  mitotic  index  was  0.1%  to  0%,  the  non-proliferating 
medium  was  removed  and  the  cell  cultures  were  re-fed  with  CM  supple¬ 
mented  with  0.5  U/ml  insulin.  Thirty  four  hours  after  seeding,  the  synchron¬ 
ized  cell  cultures  were  treated  with  3.2  ug/ml  of  BP,  1  jig/ml  of  DMBA  or 
0.5  pg/ml  of  TH-DMBA  in  acetone.  Cell  cultures  to  which  an  equal  volume 
of  acetone  was  added  served  as  controls.  The  carcinogen  was  allowed  to 
remain  in  contact  with  the  cells  during  the  S  phase  of  the  cell  cycle  which 
was  8.2  h  long  [8—10] . 

Selection  of  transformed  cell  populations 

Forty  eight  hours  after  seeding,  the  cell  cultures  were  passaged  at  a  1  :  2 
split  ratio  into  CM  supplemented  with  2X  essential  vitamins,  8X  non-essential 
amino  acids  and  20%  FBS  (selection  medium).  The  cell  populations  were 
serially  passaged  at  1  :  10  split  ratio  into  the  selection  medium  [8—10] . 
After  16  PDL,  the  cell  populations  were  seeded  into  soft  agar. 

Anchorage  independent  growth 

The  treated  and  control  cell  populations  were  trypsinised  and  seeded  at 
50,000  cells/25  cm2  well  in  2  ml  of  0.33%  soft  agar  and  Dulbecco’s  LoCal 
medium  supplemented  with  1  mM  sodium  pyruvate,  0.1  mM  non-essential 
amino  acids,  2  mM  glutamine,  50  ug/ml  gentocin,  0.2%  sodium  bicarbonate, 
IX  essential  vitamins,  IX  essential  amino  acids  and  20%  FBS.  The  cells  were 
layered  over  5  ml  of  a  2%  agar  base  prepared  in  RPMI  1629  medium 
supplemented  with  1  mM  sodium  pyruvate,  0.1  mM  non-essential  amino 
acids,  2  mM  glutamine,  50  ug/ml  gentocin,  0.2%  sodium  bicarbonate,  IX 
essential  vitamins,  IX  essential  amino  acids  and  20%  FBS  [8—10] .  The 
soft  agar  cultures  were  incubated  at  37°C  in  a  4%  C02-enriched  air  atmo¬ 
sphere.  Three  weeks  later,  the  colonies  were  removed  with  a  tuberculin 
syringe  (20  gauge  needle)  and  seeded  into  the  selection  medium.  After 
attachment  and  sufficient  growth,  the  cell  cultures  were  trypsinized  and 
re-seeded  in  order  to  evenly  distribute  the  cells  from  the  monolayer  colonies. 


The  cell  cultures  were  passaged  once  at  a  1  :  4  split  ratio  and  then  seeded  on 
the  CES  to  evaluate  neoplasia. 

Neoplastic  transformation 

•  The  cell  populations  at  PDL  36  were  seeded  on  the  CES  organ  cultures 
prepared  from  9  to  18-day-old  fertilized  eggs  [Milo  et  al.,  unpublished  data) . 
The  CES  were  layered  onto  an  agar  base  containing  10  parts  of  1%  Agar  in 
Earle’s  balanced  salt  solution,  4  parts  of  chick  embryo  extract  and  4  parts  of 
FBS. 

Then,  cells  (10* )  from  treated  and  control  cultures  were  suspended  in 
0.025  ml  CM  supplemented  with  20%  FBS  and  seeded  on  the  CES.  Three 
days  later,  the  skins  were  removed  and  fixed  in  Bouin’s  solution.  Transverse 
sections  (5  nm)  were  stained  with  hematoxylin  and  eosin  and  examined  for 
the  presence  of  invasive  features. 

RESULTS 

Chemical  carcinogen  induced  neoplastic  transformation  of  HNF  cells  in 
culture  was  carried  out  by  the  procedure  of  Milo  and  DiPaolo  [8,9] . 
Randomly  proliferating  low  passage  cell  populations  were  seeded  into 
amino  acid  deficient  medium  to  block  them  at  the  G,/S  phase  of  the  cell 
cycle.  The  cell  populations  were  released  from  the  block  in  presence  of  a 
growth  promoter.  Ten  hours  later,  in  the  S  phase  of  the  cell  cycle,  the  cell 
cultures  were  treated  with  BP,  DMBA  or  TH-DMBA.  Cell  populations 
transformed  by  BP,  DMBA  or  TH-DMBA  were  serially  passaged  for  16  PDL 

TABLE l 

CHARACTERIZATION  OF  TRANSFORMED  HUMAN  FORESKIN  FIBROBLAST 
CELLS  THROUGH  ANCHORAGE  INDEPENDENT  STAGE  AND  NEOPLASTIC 
STAGE  OF  CARCINOGENESIS 


Compound 

Concentration 

Evidence  of  colony 

Incidence  of  tumor 

(Mg/ml)1 

formation  in  soft  agarb 

formation  in  CES' 

BP 

3.2 

86 

l/ld 

DMBA 

1 

0 

N.D. 

TH-DMBA 

0.5 

84 

1/1 

•The  concentration  of  each  of  the*e  compounds  wu  appropriately  selected  from  reeulta 
of  previous  work  [4  ). 

bFour  wella  (25  cm’/well)  were  seeded  with  50,000  cella/well  in  0.33%  soft  agar  supple¬ 
mented  with  growth  medium,  over  a  2%  agar  base  [8— 10) .  The  values  for  colony  forma¬ 
tion  reported  here  were  the  number  of  colonies  formed  per  10’  cells  seeded  into  soft 
agar  (8—10). 

'These  values  reported  here  were  for  4  CES  seeded  with  10’  cells /CES  and  evaluated 
3  days  later.  Normal  untreated  cells  did  not  invade  the  tissue. 

dBP  treated  cells  were  also  evaluated  for  tumor  formation  in  nude  mice  [4  ] .  The  treated 
cells  were  positive  and  formed  tumors. 
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and  seeded  into  soft  agar  to  evaluate  anchorage  independent  growth.  BP 
(3.2  Mg/ml)  treated  cells  exhibited  anchorage  independent  growth  with  a 
frequency  of  colony  formation  of  86/10*  cells  (Table  1).  Although  DMBA 
(1  Mg/ml)  did  not  transform  HNF  cells  in  culture  as  measured  by  anchorage 
independent  growth,  cells  transformed  by  TH-DMBA  (0.5  Mg/ml)  grew  to 
spherical  colonies  10—12  days  after  seeding  on  soft  agar  (Fig.  1),  with  a 
frequency  of  colony  formation  of  84/10*  cells  (Table  1). 

The  BP  and  TH-DMBA  treated  cell  populations  exhibiting  anchorage  inde¬ 
pendent  growth  were  seeded  onto  the  CES  to  evaluate  neoplasia.  These 
transformed  cell  populations  were  invasive  on  the  CES  and  produced  fibro¬ 
sarcomas  (Fig.  2).  The  tumors  were  designated  as  fibrosarcomas  because  of 
the  presence  of  mitotic  figures  in  the  tumor  tissue. 

Following  growth  in  soft  agar  and  re-seeding  into  monolayer  cultures, 
BP  treated  cells  were  also  evaluated  for  neoplasia  in  nude  mice.  Six -week-old 
mice  received  5  X  10*  ceils  subcutaneously.  Four  weeks  later,  the  tumors 
were  excised  and  submitted  to  histopathology  for  evaluation.  The  tumors 
produced  were  identified  as  fibrosarcomas. 


Fig.  1.  Randomly  proliferating  HNF  cell  populations  blocked  in  the  G,  phase  of  the  cell 
cycle  were  released  from  the  block  and  subsequently  treated  with  TH-DMBA.  The  cell 
populations  were  serially  passaged  for  16  PDL  and  seeded  at  50,000  cells/25  cm’  wall 
into  soft  agar  as  described  under  Materials  and  Methods.  Hie  soft  agar  cultures  were 
incubated  at  37*0  in  a  4%  CO, -enriched  air  atmosphere  for  3  weeks.  Each  colony  con¬ 
tained  50—300  ceils,  14  days  following  seeding  into  soft  agar. 
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A 


Fig.  2.  The  BP  or  TH-DMBA  treated  cell  population*  exhibiting  anchorage  independent 
growth  were  removed  and  serially  passaged.  Then,  10’  cells  suspended  in  0.02S  ml  CM 
supplemented  with  20%  FBS  were  seeded  on  the  CSS  [Milo  et  al.,  unpublished  data]. 
Three  days  later,  the  CES  were  fixed  in  Bouin’s  solution,  stained  with  hematoxylin  and 
sosin  and  microscopically  examined.  (A)  represents  normal  untreated  fibroblast  cells 
seeded  on  the  CES  at  160x  magnification.  (B)  represents  TH-DMBA  treated  cell  popula¬ 
tions  growing  on  the  CES  at  160x  magnification. 


125 


DISCUSSION 

The  PAH  TH-DMBA  was  mutagenic  in  the  Ames  assay  both  with  and 
without  metabolic  activation  in  3  strains  of  S.  typhimurium  [7] .  In  fact, 
this  A -ring  reduced  analogue  was  more  mutagenic  in  the  absence  of  micro¬ 
somal  activation  using  the  plasmid  deficient  strain  TA1537  [7] .  TA1538  and 
the  missenae  tester  strain  TA1 535,  which  are  relatively  insensitive  to  DMBA 
mutagenesis  were  not  mutated  by  TH-DMBA  [7].  Nonetheless,  DMBA 
required  metabolic  activation  by  addition  of  the  S9  microsomal  fraction  in 
order  to  elicit  mutagenicity  in  strains  TA1537,  TA98  and  TA100  [7] , 
whereas  TH-DMBA  required  no  such  metabolic  activation.  TH-DMBA,  in  the 
absence  of  the  S9  fraction  had  mutagenic  properties  similar  to  metabolically 
activated  DMBA.  This  is  a  marked  departure  from  other  PAH  which  require 
an  activating  system  or  chemical  modification  to  a  reactive  species  to  effect 
mutagenesis  in  the  Ames  assay.  Thus,  even  3,4-dihydrodiol-7-methylbenz(a]  - 
anthracene  was  non-mutagenic  in  the  strain  TA98,  when  cofactors  required 
for  the  microsomal  activation  system  were  omitted  [11] . 

Previous  results  have  indicated  that  when  HNF  cells  are  treated  with  BP,  a 
major  portion  of  the  PAH  is  bound  to  a  cytoplasmic  lipoprotein  complex 
and  is  subsequently  transported  to  the  nucleus  as  the  parent  compound 
[4,19,  Tejwani,  unpublished  data] .  HPLC  analysis  of  the  BP  metabolites 
covalently  bound  to  DNA  has  indicated  a  low  level  of  BP  metabolism  taking 
place  in  these  cells,  with  the  formation  of  a  small  amount  of  the  BP-7,8-diol- 
9,10-epoxide-I-deoxyguanosine  adduct  [Tejwani,  unpublished  data] .  In  the 
present  study,  BP  also  induced  neoplastic  transformation  in  the  HNF  cells 
and  the  treated  cell  populations  exhibited  anchorage  independent  growth 
with  a  frequency  of  colony  formation  of  86/105  cells  seeded  in  soft  agar. 
These  transformed  cell  populations  were  invasive  on  the  CES  and  produced 
a  fibrosarcoma. 

Although  DMBA  did  not  transform  HNF  cells  in  culture  as  measured  by 
anchorage  independent  growth,  it  was  interesting  to  observe  that  TH-DMBA, 
the  analogue  of  DMBA  completely  reduced  in  the  bay  region,  could  induce 
neoplastic  transformation  in  these  cells  and  was  as  potent  as  BP,  at  1/6  the 
dose  of  BP  used.  This  pronounced  activity  of  TH-DMBA  is  similar  to  what 
would  be  expected  in  our  system  if  we  were  assessing  an  ultimate  carcinogen. 

Previous  reports  have  indicated  that  l,2,3,4-tetrahydro-7-methylbenz(a]  - 
anthracene, a  12-desmethyl  analogue  of  TH-DMBA,  is  non-carcinogenic  [16] . 
It  is  known  that  the  12-methyl  function  in  DMBA  provides  sufficient  steric 
interaction  with  the  C  ( -carbon— hydrogen  of  the  A-ring  to  stabilize  a  ketone 
function  at  position  5  owing  to  decreased  planarity  of  the  tetracyclic  system 
[13,14] .  In  TH-DMBA  the  C«— C»  interaction  freezes  the  ring  A  in  a  half¬ 
chair  conformation  with  C3  slightly  and  C,  markedly  out  of  plane  with  the 
aromatic  anthracene  system.  The  speculative  A-ring  triol  of  DMBA,  possibly 
arising  by  reaction  of  DNA  or  other  macromolecular  nucleophile  with  the 
proposed  bay  region  3 ,4-dihydrodiol-l  ,2-epoxide,  is  expected  to  have  a 
similar  conformation. 


126 


These  observations  question  the  necessity  for  metabolic  activation  in  the 
case  of  TH-DMBA  as  a  prerequisite  to  macromolecuiar  binding  and  sub* 
sequent  transformation  in  human  cells.  Work  is  in  progress  employing  radio- 
labeled  TH-DMBA  to  further  assess  this  phenomenon. 
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